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Atherosclerosis 


V. The Serum and Plaque Lipids in Experimental Hypercholesteremia, with a 
Comparison of Plaque Structure and Lung Granulomas Caused by Cholesterol 


Esters 


EDWIN F. HIRSCH, M.D.; RICHARD NAILOR, Ph.D., and FREDERICK C. BAUER Jr., M.D., Chicago 


The composition of the lipids of the blood 
in the hyperlipemias produced experimen- 
tally in cream or 


rabbits by feeding 


cholesterol or both as supplements to a 
balanced pellet diet has been correlated with 
the role of lipid factors in the deposition 
of lipids in the tissues and in the evolution 
The 


lipids of the blood are in transport, emulsi 


of atherosclerosis in these animals.’ 


fied in an aqueous medium containing dis 


solved proteins and other organic and 


inorganic solutes. Each system, the emulsi 
fied lipid and the aqueous, has a solvent 
medium in which solutes are dissolved. 
Lipids liquid at body temperature, such as 
an olein, are solvents for those solid at this 
The blood lipids of the 
prandial hyperlipemia produced in rabbits 
with cream only have a high content of the 
fats. The proportion of solvent to 


solutes in the lipids with this hyperlipemia 


temperature. 


solvent 


as expressed in a ratio 

neutral fats + phospholipids 

total cholesterol (free calculated) 
above that of the blood 
lipids at the fasting level. The hyperlipemia 
with blood lipids of this composition is not 


Esterified fatty acids 


remains at or 


Submitted for publication March 11, 1957 
Aided by the Otho S. A 
Fund, 


Sprague Memorial 

From the Henry 
Luke’s 
perimental work and chemical analysis of serums 
and plaques (Dr. Nailor) 


taird Favill Laboratory of St 


Hospital. Biochemist responsible for ex 


associated with lipid deposits in the tissues 
or in the lining of blood vessels of 
rabbits. 


the 


The prandial hyperlipemia which occurs 
with the supplemental feeding of cream con 
taining cholesterol, even to saturation, has 
blood lipids with a composition in which the 
calculated ratio of solvents to solutes de 
creases to or slightly below a level of 1:1. 
The lining of the aorta in some of these 
rabbits had atheromas, but the phagocytes 
in the spleen, liver, and elsewhere had few 
lipid inclusions. 

The prandial hyperlipemia in rabbits fed 
only cholesterol with their pellet diet is much 
greater than occurs with the 


two groups 


mentioned. This hyperlipemia is associated 
with large and widespread deposits of lipids 
in the tissue phagocytes and as plaques in 
the lining of the aorta and arteries. The 
calculated ratio of solvent to solute in the 
composition of the lipids of the blood with 
this prandial hyperlipemia is much below 
a 1:1 ratio. Chemical analyses disclose that 
these blood lipids have a disproportionally 
large content of cholesterol esters and free 
cholesterol. Lipids with this composition in 
the tissues of the rabbit have the physical 
properties of a particulate substance which 
stimulates phagocytosis (lipophages ). 

The plaques formed in the lining of the 
aorta of rabbits fed on a pellet ration and 
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cream with 1% dissolved cholesterol or 
cholesterol only are mixtures of neutral fats, 
phospholipids, cholesterol esters, and cho 
lesterol. The total lipids in the plaques of 
the cholesterol-cream-fed rabbits were in 
creased eightfold to tenfold over the amount 
(average analysis) of the total lipids in the 
hyperlipemic serum of these animals, and 
those in the plaques of the cholesterol-fed 
rabbits were increased fourteenfold to six 
teenfold. Each fraction of the lipids in the 
aortic plaques of the first group of rabbits 
was increased approximately the same 
amount over the corresponding fraction of 
the serum lipids, except the neutral fat. The 
neutral fat fraction in the plaques of one 
rabbit of this group 

than the other 


another rabbit the neutral 


was increased more 


times fractions, but in 
fat increase was 
smaller than the other fractions. Each lipid 
fraction in the aortic plaques of the choles 
terol-fed animals was increased sixteenfold 
» | 
overt tne 


to nineteenfold corresponding 


serum lipid fraction, except the ninefold 
increase of the neutral fat fraction 

The aortic plaques in experimental athero 
these disclose, are 


sclerosis, as analy ses 


lipid mixtures. The same is true of the fatty 
deposits in the human aorta. Such chemical 
results favor the conclusion that the lipid 
deposits in the lining of the aorta in the 
atherosclerosis of man and of animals pro 
duced experimentally have the same frac 
tional content as do the lipids of the blood 
Che exception to an even distribution of the 
fractions is in the neutral fat (solvent) 
Che smaller increased of this fraction in the 
plaque lipids produced experimentally, as 
compared with the other fractions 


lipid 


which in the plaques are increased about 


the same number of times over the serum 
lipids, suggests that a portion of the neutral 
fat (solvent) has been removed 

Che emulsified blood lipid particles in the 


prandial hyperlipemias associated with 
deposits in the tissues and in the lining of 
the aorta and arteries have a disproportion 
ally large content of cholesterol esters and 
( solutes ) 


cholesterol This emulsified lipid 
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complex, as shown by its behavior in the 
tissues, has the physical properties of a 
particulate foreign-body substance. As a 
result, plaques with lipophages form in the 
lining of the aorta, and lipid deposits with 
large phagocytes appear in many other tis 
sues of the rabbit. The chemical analyses of 
the aortic plaques in the experimental 
prandial atherosclerosis and also of the fatty 
plaques in the human aorta suggest that the 
lipid complex in loses solvent 
fat) or 
stances. There may be also a shift in the 
distribution of the 


The acicular 


deposits 


(neutral increases in solute sub 


cholesterol from ester 
into the less soluble free form. 
slits observed in atherosclerotic plaques in 
the aorta and other tissues of the human 
body as well as those seen in lipid deposits 
of animal tissues with the experimental 
clefts 


where crystalline cholesterol has been dis- 


prandial atherosclerosis are tissue 


solved in the preparation of the histological 
preparations, Crystals separate from lipid 
mixtures in tissues according to the general 
principles of 


crystallization; at a given 


temperature, dissolved crystals separate 


when the solvent medium becomes super- 


saturated by removal of the solvent or by 
With mix 


tures, a change of a freely soluble compound 


the addition of the crystalloid. 


into a less soluble form will accomplish a 
similar result. 

The with the 
prandial hyperlipemia in which the blood 


atherosclerosis associated 
lipids of the rabbit have a high content of 
cholesterol esters and cholesterol occurs in 
animal tissues 


considered initially to be 


normal. The composition of the lipids in 
this hyperlipemia doubtless is the dominant 
cause for the evolution of the atherosclerosis 
structure of the 


However, factors in the 


aorta, the arteries, and other tissues are 
important in determining the sites of lipid 
deposition When the composition of the 
lipids of the blood in transport or in the 
deposits approaches the level of saturation of 
the solvents by the solutes, namely, choles 
terol esters and cholesterol these dispersed 
lipid complexes become significant causal 
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agents in the evolution of the atherosclerot 
ic lesions. 

An analysis of the information * concern 
ing the relation of the chemical composition 
of lipids to the structural characteristics of 
the tissue reactions caused by their deposi 
that the 
various lipids, their mixtures, and their split 
The 


response about unhydrolyzed neutral fats 


tion discloses tissue response to 


products ranges considerably. tissue 
liquid at body temperature is similar to that 
against an inert oil like liquid petrolatum, 
with a minimal vacuolated 


stroma, mono 


cytes, and vacuolated foreign-body giant 
cells. The size of the fat or lipid globules, 
that is, the degree of dispersion is significant. 
With hydrolysis of the fats, fatty acids are 
liberated and chemical reactions occur in the 
tissues. These include (1) the acidity de 
veloped during hydrolysis, (2) the solid, 
liquid, or emulsified state of the fatty acid, 
(3) the nature of the soap or ester formed, 
(4) the chemical structure of the fatty 


acids in the compounds 


and 
Fatty acids in con 
tact with alkaline aqueous mediums abstract 
base ions from and release hydrogen ions 
into the water phase.*® Necrosis of tissues can 
result from an acidity (pH 5.7) developed. 
The the 


formed depends upon the base ion entering 


reaction of the tissues to soaps 
into the compound and the chemical struc 
ture of the fatty acids 
fluids of the 
Many fatty 
specific tissue reactions attracting primarily 


The solubility in 


the tissue soaps formed is 


significant acids cause non 
fibroblasts (clasmatocytes), monocytes, and 
epithelioid cells. Relatively insoluble soaps 
of the fatty acids stimulate the formation of 
foreign-body giant cells. The liquid satura 
ted fatty 


produces 


acid of the tubercle bacillus 


tuberculous granulation tissues 
containing epithelioid cells and epithelioid 
Fatty 


temperature cause the formation of foreign 


giant cells acids solid at body 


body giant cells. Certain unsaturated fatty 
acids by prolonged contact with tissues be 
come insoluble in the usual fat solvents and 
acquire a marked affinity for dyes such as 
carbolfuchsin 


Hirsch et al 


Cholesterol and cholesterol-ester mixtures 
cause granulomas when deposited in tissues, 
as occurs with systemic Schiiller-Christian 
disease and xanthomatosis and focally in 
xanthomas and atherosclerosis. These lipid 
deposits are mixtures, although cholesterol 
and, especially, the cholesterol esters are in 
excess. The xanthomas and the atheroscle 
rotic plaques are considered to be tissue and 
phagocyte reactions against infiltrated lipids 
of a chemical nature not metabolized by the 
usual processes. Cholesterol, as such, in 
tissues acts as a foreign body. 

The state of emulsification of the lipid 
globules is important in determining tissue 
Small 


lipids, liquid at body temperature, are en 


reactions. particles of emulsified 
guifed by tissue phagocytes, whereas large 
aggregates of the same chemical composition 
stimulate reactive tissues, 

The lipids of the blood in the prandial 
hyperlipemia of rabbits fed cholesterol have 
The 
fatty acids in the ester are mainly those 
The 


large cholesterol ester content of the lipids 


a large content of cholesterol ester 


of the solvent fat, such as an olein 
in the hyperlipemic blood of animals fed 
cholesterol suggested a comparison of the 
structure of the lipid deposits in these rab 
bits with the granulomas produced experi 
mentally in the lungs of rabbits given 
intravenous injections, respectively, of cho 
lesterol oleate, a mixture of cholesterol oleate 
and cholesterol, and a mixture of cholesterol 
oleate and cholesterol stearate. The feeding 
experiments also enabled further chemical 
studies of the lipids of the blood during 
the prandial hyperlipemia and the subse 
quent progress of the hyperlipemia with a 
pellet diet or pellets with 
When the these 
rabbits had returned to the original level, 


supplemented 
cream blood lipids in 
as they do, the rabbits were killed and the 
lining of the aorta and the other tissues 
The 


plaques of the aorta were analyzed for their 


were examined for lipid 


deposits 


content and fractional distribution of lipids 


The heart, lungs, spleen, liver, and kidney 


tissues were examined histologically 
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Chart 1.—Rabbit 21. Graphs illustrating the amounts and the distribution of the serum 
lipid fractions during the hyperlipemia of a rabbit fed pellets and cholesterol for 108 days 
and then for 81 days, through the decline of the lipids to normal, a pellet diet 
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Chart 2.—Rabbit Graphs illustrating the amounts and the distribution of the serum 
lipid fractions during the hyperlipemia of a rabbit fed pellets and cholesterol and then for 81 
days, through the decline of the lipids to normal, a pellet and 36% cream diet. 
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In Chart 1 the blood lipid analyses during 


the 189 days of such an experiment are 
The 
blood lipid analysis have been published.‘ 
For 108 days a rabbit was fed pellets with 
cholesterol and then for 81 days only the 


graphically reproduced. methods of 


pellets. The total esterified fatty acids of 
the blood lipids at the end of the experiment 
were slightly above the initial value; the total 
cholesterol had returned to its original level. 


E sterified 
Fatty Acid 


(re /') 


The ratio used to express the relations be- 
tween solute and solvent at the end of the 
experiment was 2:1, In graphs in Chart 2 
there rabbit fed 
cholesterol and pellets for 108 days and then 
for 81 days pellets supplemented by feeding 


are similar data on a 


of an average of 30 cc. of 36% cream daily. 
The total esterified fatty acids after the 81 
days of the pellet and cream diet had re- 


turned to the initial level. In Chart 3 are 


™~ ~~ Total Ester:fied 
a Fatty Acid 
“WNeutralfet" °° 


=<— — —Phespholipid ” 7 
_/ Chelastere! Ester ‘ate 








Days 


Chart 3.—Rabbit 24 


Graphs illustrating the amounts and the distribution of the serum 


lipid fractions during the hyperlipemia of rabbit fed pellets and cholesterol for 106 days and 


then, for 6 days, pellets and 36% cream 


Hirsch et al 
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Chart 4.—Rabbit 22 
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Graphs illustrating the amounts and the distribution of the serum 


lipid fractions during the hyperlipemia of rabbit fed pellets and cholesterol for 92 days and 


then, for 3 days, pellets only 


shown in graphs the blood lipid analyses of 
a rabbit fed cholesterol and pellets for 106 
days and then for 6 days pellets and 36% 
and in Chart 4, the graphs for a 
rabbit fed cholesterol and pellets for 92 
days and killed after 3 more days. 


cream, 


The lining of the aorta of each rabbit had 
many lipid plaques. The 


gross amounts 


12? 


seemed to be the same in all, although the 
first two rabbits had not received cholesterol 
for the final 81 days. In Tables 1, 2, 3, 
and 4 are compared the serum lipid analyses 
with the plaque lipid analyses for the four 
rabbits (Charts 1, 2, 3, and 4, respectively ). 

These analyses of the serum lipids and of 
the aortic plaque lipids disclose several sig- 
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normal serum plaque nerma! 
hips lipids 

a” 

day 


serum 
lipids 
am 
day 


plaque 
lipids 






































# Neutral Fat 


C) Total Cheiesterol 


Phospholipid 


Chart 5 
of the rabbits fed cholesterol. 
in each figure 
24 (Chart 3) 


nificant relations. As shown in Table 1, at 
the peak of the hyperlipemia on the 42d day 
the total esterified fatty acids of the serum 
lipids had increased from 6 to 70.3 mEq. 
per liter; of the neutral fats, from 2 to 9.9; 
of the phospholipids, from 3 to 16.6; and of 
the cholesterol esters, from 1 to 43.8 
(72.3% of the total cholesterol). The cal 
culated ratio of solvent to solute of the blood 
lipids on the 42d day was 0.44:1. On the 


Hirsch et al 


normal serum plaque 
lipids lipies 
am 
oy 


$4rum 
lipids 
av 
day 


norma! plaque 


lipids 






































Graphs representing the proportion in mols of the serum and plaque lipid fractions 
The mols of total cholesterol are given as a unit of reference 
Rabbit 21 (Chart 1), Rabbit 22 (Chart 4), Rabbit 23 (Chart 2), and Rabbit 


The cal 


solute in the 


84th day this ratio was 0.38:1., 
culated 
plaque lipids is 0.35:1. 


ratio of solvents to 
However, in the 
plaque lipids the amount of the ester frac 
tion in the total cholesterol is 52%, as com 
pared with 72.3 and 76.9% in the serum 
The 


separate lipid fractions in the plaques over 


lipids. amounts of increase of the 


the values of the corresponding fractions of 
the serum lipids on the 42d day of the 
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TABLI 


Serum 
Lipids 
424 Day 
mEq/l 


Serum 
Lipids 
Mth Day, 
mEq./L. 


Solvent 
Solute 
Ratio 


Total 
Neutral fat 


70.4 
09 


Solvent 


143 


A. M. A. ARCHIVES OF PATHOLOGY 


Distribution of Esterified Fatty Acids in Rabbit 21* 


Serum: Aortic Plaque 
Ratios, Day 


Mth 


1:90.68 
1:11.0 


Aortie 
Plaques, 
mEq./Kg. 


Solvent: 
Solute 
Ratio 


Solute 
Ratio 


4m 
Ad) 


37.7 


Phospholipid 
Cholesterol ester 
Total cholesterol 
(free calculated 
as ester 


Ww 
43.5 


OA 

Om Om./L. 

Za4 14.4 

65 3.%6 
11.2 
76.9% 


Total 
Free 
.ster 
Eater: total ratio 


37.7 
Distribution of Cholesterol 


103 » 1:12.4 
25 5.72 1:8.6 


483 
Gm./Ke. 
187 
80.5 
O7.4 


52%, 


* Serum lipid analyses and their fractional distribution for the rabbit in Chart 1 on the 42d and 84th days. These are correlated with 


the lipid fractions of the plaques found later in the aorta 


experiment ranged between 6 and 8 times, 
and on the 84th day, between 8.6 and 12.8 
times. The amounts of increase of the total 
cholesterol in the plaque lipids over the two 
serum lipid analyses is, respectively, 8 and 
12.8 both the 


amount free cholesterol 


times. However days 


of 


increase of the 


in the plaques over the free cholesterol of 
both serum lipid analyses is much greater, 


13.8 and 26.6 times: whereas these incre 


ment differences in the ester fractions are 


5.77 and 8.7 times 


These differences within the distribution 
of the cholesterol fractions of the serum and 
plaque lipids suggest chemical changes in the 
lipid complex of the 


of 


deposits whereby the 


amounts the less soluble free cholesterol 
increase and eventually can separate in crys 


sections of human 


talline form iwicular slits observed in 


itherosclerotic and other 


tissue lesions and those in the rabbit tissues 


) 


TARLI Distribution of 


Serum 
Lipids 
with Day 


mEq./I 


Serum 
Lipids 
16th Day, 
mEq./L 


Solvent 
Solute 
Ratio 


rotal 
Neutral fat 


0.0 
13.0 


M4.7 
12.9 


Phospholipid 13.3 
Cholesterol ester : 28.5 
Total cholesterol 

(free calculated 

4s ester “4.7 39.2 


Distribution of Cholesterol 


Om./I 
17.30 
4.46 
12.86 
74.39 


Om./L 
15.18 
4.15 
11.038 


726% 


lotal 
Free 
Ester 
Ester: total ratio 


* Serum lipid analyses and their fractional distribution for the rabbit in Chart 2 on the 
with the lipid fractions of the plaques found later tn the aorta 
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Esterified Fatty 


Solvent 


with lipid deposits and of the atherosclerotic 
aortic plaques in experimental atheroscle- 
of this 


rosis are morphologic evidence 
process 

The analyses in Table 2 record 
of the 


serum and plaque lipids. 


similar 


results and interrelations fractions 


in the 
of the 
of the 


Exclusive 
atherosclerotic plaques in the lining 
the of the 
rabbits had minimal gross changes, with the 


aorta, tissues first two 
exception that the capsular surface of the 
liver of the rabbit Chart 2 
pitted 

The Charts 3 
and 4 grossly had marked lipid streaks in 
the 


in was finely 


kidneys of the rabbits in 


medulla. The lipid analyses given in 
Chart 3 are through the 108 days with the 
diet In 
Table 3 are listed the details of the serum 
lipid analyses on the 49th and the 92d days 


cholesterol and 6 days without. 


of the experiment, the fractional lipid con 


2% 


Acids in Rabbit 


Serum: Aortic Plaque 
Solvent Ratios, Day 
Solute 


Ratio 


Aortic 
Plaques, 
mEq./Kg. 


Solute 
Ratio 


—— 


50th 


650 
95 214 1:73 


119 
436 


653 


Gm./Kg. 
253.6 
M5 
10.1 
(6 8% 





Sith and 106th days. These are correlated 
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TABLE 3 


Serum 
Lipids 
1th Day 
mEq./L 


Serum 
Lipids 
92d Day, 
mEq./L. 


Solvent 
Solute 
Ratio 


Total 
Neutral fat 


60.0 
7.1 


Phospholipid 14.8 18.2 
Cholesterol ester 7 
‘Total cholesterol 

(free calculated 


as ester 61.6 


Solvent 


Distribution of Esterified Fatty Acids in Rabbit 24* 


Serum: Aortic Plaqve 
Solvent Ratios, Day 
Solute 


Ratio 


Aortic 
Plaques, 
mEq./Ke 


Solute 


Ratio 49th 92d 
768 1105 
3 I 10.20 


1:10,1 
1:0.43 


195 1:13.2 1:10,7 


1:13.2 1:13 


ai4 


Distribution of Cholesterol 


Gm 
23.88 
7.00 
16.88 
70.6% 


Total 
Free 
Ester 


Ester: total ratio 74.9% 


* Serum lipid analyses and their fractional distribution for the rabbit in Chart 3 on the 49th and 92d days 


the lipid fractions of the plaques found in the aorta 


of the 


relations between the serum lipids and the 


tent aortiu plaques, and the inter 


plaque lipids. The low neutral fat value of 
the plaque lipids in this rabbit is the only 
one that seems not to be in agreement with 


With the 
of the plaque cholesterol at 70% of the 


the other values. ester fraction 
total, the final distribution is an even 13.1 
to 13.6 times increase of the total, free, and 
the 


responding cholesterol values of the serum 


ester cholesterol fractions over cor 


lipids SIX days before death. The lipid 
analyses given in Chart 4 are through 92 
days with a cholesterol diet and 3 days 
Table the de 
tails of the serum lipid analyses on the 49th 


without In 4 are recorded 
and the 92d days of the experiment, the lipid 
of the 


interrelations the 


fractions the aortic plaques, and 


between the serum and 


plaque lipids 


Here also the separate frac 


Taste 4.—Distribution of 


serum 
Lipids 
92d Day, 
mEq./L 


Solvent 
Solute 
Ratio 


Total 9.6 


Neutral fat 3.6 


Phospholipid 
Cholesterol ester 
Total cholestero| 
(free calculated 
aS ester) 


Esterified Fatty 


Solvent 


6.9 
— a 1) 0:1 
“47 


Gm 
316 
05 
221 


TOY 
70% 


These are correlated with 


tions of the plaque lipids are increased many 
times over the corresponding serum lipid 
values. The percentage of ester in the total 
of the 


45.3% as compared with 75.7% and 73.1% 


cholesterol fraction plaques was 
in the serum, 

The results of the histologic studies of the 
tissues of the four rabbits belong in two 
groups. The first group (Charts 1 and 2) 
are of animals that had passed through the 
hyperlipemic phase and whose blood lipids 
had returned to the approximate normal 
range. The group of animals 
(Charts 3 and 4) lived through but not 
beyond the hyperlipemic phase. The tissues 


sect md 


of the first group are more important; the 
changes of those of the second group are 
like those 
experimental atherosclerosis. 
both of 


described in many reports on 


The kidneys 
had 


in rabbits Group 1 cellular 


Acids in Rabbit 22* 


Serum: Aortic Plaque 
Aortic Ratios, Day 
Plaques, 


mEq./K¢ 


Solvent 
Solute 
Ratio 


Solute 


Ratio 49th 92d 


a7 


444 1:90.57 
is 242 
h mf) 54-1 
446 
113.1 


14.0 16.27 


446, 1:13.4 1:10,0 


Distribution of Cholesterol 


Gm./L. 

17.32 
4.65 

12.67 


73.1% 


Total 
Free 
Ester 
Ester: total ratio 


the lipid fractions of the plaques found in the aorta. 


Hirsch et al. 


13 
a 
Lt 


‘ 
‘ 
By 


Serum lipid analyses and their fractional distribution for the rabbit in Chart 4 on the 49th and 92d days 





glomerular tufts with mononuclear cells and 
a few polynuclear leukocytes. The tissues 
had a few fine droplets of lipid. Residues of 
lipid deposits remained in the medulla of the 
kidneys in the form of focal hyaline streaks, 
with a few acicular slits, lipid deposits, and 
atrophy of the associated renal tubules. The 
spleen had small seattered foci of mononu- 
clear cells with lipid inclusions. The arterial 
branches of the Malpighian corpuscles in the 
spleen regularly had lipid deposits in phago 
cytes along the lining edge and also droplets 

The 
lobule 


deep in the muscle cells of the wall 


liver of one rabbit had the usual 


structure, slight exudates in the portal 


regions, and small lipid 


deposits in the 
Kupffer cells and focally in the hepatic cells. 
lhe 


of portal inflammation and bile duct pro 


other rabbit (Chart 2) had residues 


liferation These tissues had phagocytes 
with lipid inclusions, also the Kupffer cells 
and the hepatic cells. Branches of the hepatic 


artery had focal lipid deposits of the wall 


Fig. 1.—Photomicrograph illustrating A, 
residues in the coronary artery, and B, 
with lipophages in the lining of the 
arteries. 


plaque 
plaques 
pulmonary 


Fig. 2.—-Photomicrograph illustrating the granu- 
lomas produced in the lungs by emboli of choles- 
terol oleate and consisting mainly of large 
lipophages 


Branches of the coronary arteries in the 
heart (Fig. 14) and of the pulmonary ar 
tery (Fig. 18) in the lungs in both rabbits 
of Group | had atherosclerotic plaques with 
lipophages of the lining and lipid infiltra- 
tions of the wall; those of the pulmonary 
artery were large. Accordingly, despite the 
gradual reduction of the prandial hyper 
lipemia to the normal level, the lipid de- 
posits and plaques persisted in the arterial 
the other tissues, 
meanwhile, there had been considerable re 
the but with 
reactive tissue residues. 


tissues of rabbits. In 


sorption of lipid deposits 

The blood lipids in the prandial hyper 
lipemia produced in rabbits by feeding cho- 
lesterol have a_ disproportionally large 
content of cholesterol esters and free cho 
lesterol. This prompted a comparison of 
the structure of the lipid plaques in these 
animals with those produced in the lungs 
of rabbits with emboli of cholesterol oleate 
alone and of cholesterol oleate with added 
amounts of (a) free cholesterol and (6) 
cholesterol stearate. 

Emboli of cholesterol oleate carried into 
the blood vessels and capillaries of the 


rabbit’s lungs produced focal granulomas 
consisting mainly of large vacuolated mono- 
nuclear phagocytes and minimal amounts 


of fibrillar stroma (Fig. 2). At first the 


droplets of the oleate are encompassed by 


the large vacuolated cells, but later the gran- 
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Fig. 3.—Photomicrograph illustrating the — 
lomas produced in the lungs by emboli of A, cho 
lesterol oleate and stearate, and B, cholesterol 
oleate and cholesterol. Note the foreign-body giant 
cells with slits in B 


ulomas are chiefly the large mononuclear 
phagocytes with a few leukocytes. 
Droplets of cholesterol oleate with cho 
lesterol produced granulomas with a similar 
content of large monocytes, a fibrillar stroma 
and, foreign-body giant cells (Fig. 3A). 
The large mononuclear phagocytes and the 
giant cells had a vacuolated cytoplasm. The 
had clefts 
crystals of been 


giant cells also acicular slits, 


where cholesterol have 


dissolved. There were a few eosinophil 
leukocytes. 
Emboli of the cholesterol oleate-choles 
terol stearate mixture caused in the rabbit 
lungs a large monocyte reaction similar to 
the granulomas produced with cholesterol 
(Fig. 3B). 


had clusters of large vacuolated phagocytes, 


oleate alone The granulomas 
a few eosinophil leukocytes and lympho 
cytes, and a fibrillar stroma. 

The structure of the granulomas produced 
experimentally in the lungs of rabbits by 
emboli of cholesterol oleate and of choles 


Hirsch et al 


terol oleate containing dissolved cholesterol 
stearate closely simulate the structure of the 
atherosclerotic the lining of 
the blood vessels and of other tissues of the 
rabbits The 
granulomas caused by the cholesterol oleate 
cholesterol mixture had the added presence 
of giant cells with acicular slits. 

The hyperlipemic blood and the lipid de 
posits in the tissues of rabbits fed choles- 


plaques in 


fed pellets and cholesterol. 


terol, as reported, have a disproportionally 
large content of cholesterol esters and cho- 
lesterol. The granulomas that occur in the 
blood vessels of these animals have a struc- 
ture similar to those produced in the lungs 
of the same animal species by emboli of 
cholesterol oleate or cholesterol oleate and 
stearate in the proportions used. The granu- 
lomas produced by cholesterol oleate con- 
taining cholesterol have the added tissue 
element of giant cells with acicular slits, 
clefts caused by crystals of cholesterol. 
Summary and Conclusions 

The emulsified lipids of the blood plasma 
in transport are mixtures of the general 
groups of neutral fats, phospholipids, and 
sterols (free and esterified cholesterol), a 
lipid and solutes. 
Lipids such as olein are solvents for those 
solid at body temperature. 


system with solvents 


The blood lipids of the prandial hyper- 
lipemia of rabbits fed cholesterol have a 
disproportional large content of cholesterol 
esters and free cholesterol. Lipids of this 
composition have the physical properties of 
a_ particulate which 
(lipophages ). 


stimulates 
Granulomas 
with these lipophages occur in the lining 
of blood vessels and focally in many other 


tissues. 


substance 
phagocytosis 


The lipid plaques in the aortas of these 
rabbits are mixtures that reflect the frac- 
tional composition of the blood lipids which, 
with the possible exception of the neutral 


fat fraction (solvent), are increased many 
times over the amounts in the blood plasma. 
Changes in the composition of the lipids 
deposited whereby the solute is relatively 
increased or the 


is decreased can 
augment an initial solvent-solute dispropor- 


solvent 





tion. A shift in the 
cholesterol from the ester to the free form in 


the lipid deposits will contribute to this 


distribution of the 


disparity. 

Lipid deposits in the tissues of rabbits 
occurring with the prandial hyperlipemia 
produced with a cholesterol diet tend to be 
resorbed in the liver, spleen, and lungs, 
with the gradual return of the blood lipids 
to their normal level, but still persist in the 
lining and wall of the aorta and arteries 
of the animal. 

Emboli of chemically prepared cholesterol 
oleate and cholesterol stearate produce focal 
granulomas in the lungs of rabbits composed 
mainly of and fibrillar 


large lipophages 


stroma. Those of cholesterol oleate and 


cholesterol have similar large lipophages, 


but also foreign-body giant cells with acicu 
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lar slits, where crystals of cholesterol have 


been dissolved, 

Accordingly, the morphology of the lipid 
granulomas in tissues of rabbits with the 
prandial hyperlipemia of a cholesterol diet 
is like that of granulomas produced emboli- 
cally in the lungs of rabbits with cholesterol 
oleate, cholesterol oleate and cholesterol, and 
cholesterol oleate and stearate. 

St. Luke’s Hospital, 1439 S. Michigan Ave. (5) 
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Vascularization of Early Atherosclerotic Plaques 


J. C. PATERSON, M.D.; JEAN MILLS, M.A., and T. MOFFATT, London, Ont., Canada 


The stage at which atherosclerotic plaques 
become vascularized by specialized capil 
the 
lumen (so-called high-pressure capillaries ) 


laries which originate from arterial 


has been disputed since 1938. 
I 


In that year 


Winternitz and associates! deduced from 


animal evidence that the intima of normal 


human arteries has a capillary circulation 
and that this increases with the progression 
of atherosclerosis; they suggested further 
that injuries to these small vessels might be 
responsible for the initiation of the disease 
Shortly 


stated that intimal capil- 


as well as for its advancement. 
thereafter Leary * 
laries can only be found in fully developed 
atherosclerotic plaques. It would now ap- 
pear that Winternitz’ views have been re- 
the 


intimal 


jected; most subsequent writers on 
subject state quite definitely that 
vascularization is an end-stage phenomenon, 
that it is the result, not the cause, of athero- 
sclerosis. 

A recent development in our laboratory 
has forced us to reexamine the matter. De 
posits of hemosiderin, so small that they 
might easily be missed in thin microscopic 
sections, have been demonstrated in the 
earliest of atherosclerotic plaques by the use 
of gross staining 


techniques.* The most 


reasonable explanation for these deposits 
is that they represent the end-results of 
hemorrhage from the rupture of intimal 
capillaries; but before this mechanism can 
be accepted capillaries must be shown to 
be present in these early lesions. Orthodox 
staining methods have usually failed to dem 
onstrate them, but we have had more success 
alkaline technique. 


with the phosphatase 


Submitted for publication Feb. 8, 1957 

From the Clinical Unit, West- 
minster Hospital, Department of Veterans Affairs, 
and The Collip Medical Research Laboratory, The 
University of Western Ontario 


Investigation 


This procedure has been used in the past 
for the demonstration of capillary endothe 
lium in brain tissue,‘ and on the suggestion 
of Dr. J. F. 


adapted it to the intima of the aorta, 


A. McManus® we have now 


Materials and Methods 


material 


The 


patients 


aortas of 14 
Westminster 


was obtained from 


who died in 


Hospital 
within 12 
From these aortas 26 early athero 
fixed for 24 


acetone (at 7 C). On 


Autopsy in each case was carried out 
hours of death 
sclerotic lesions were ex« ised and 


hours in ice-cold gross 
varied in severity as 
fatty flecks, fatty 
streaks, 11 very small pearly plaques, and 
The 
paraffin in the usual fashion, care being taken that 
the temperature did not exceed 56 C during em 
bedding and 37 C at any 
process 


examination the lesions 


follows: there were 5 small 5 
5 small 
pearly plaques tissues were embedded in 


other time during the 
Each lesion, with its border of “normal” 
10y, all of 
groups of 


tissue, was then sectioned serially at 


the sections being mounted in five to 


eight per slide. The individual slides were treated 
as follows: every other one was subjected to the 


alkaline phosphatase technique as modified by 
Gomori,’ and the remainder were used as controls 
The alkaline phosphatase method consisted of in 
cubating sections with glycerophosphate at an alka 
calcium 


line reaction in the presence of 


precipitate in situ the 


ions 10 


liberated phosphate ions 


as insoluble calcium phosphate. The calcium phos 


phate was then converted to a brownish-black 


precipitate of cobalt sulfide. Preformed calcium 


salts, which give a false-positive result, were 


removed by a citrate buffer as recommended by 
Gomori." Initially, when any group of sections on 
a slide gave a positive alkaline phosphatase rea 
tion in the substance of the plaque, the immediately 
adjacent slides were prepared as follows: one slide 
treated by 


that it 


was the alkaline phosphatase method 


except was incubated in distilled water 


The 


and 


instead of in the glycerophosphate substrate 


other slide was stained with hematoxylin 


eosin. In the later phases of the study entire 
dependence was placed on the ability of the citrate 
buffer to remove calcium salts, and control slides 


were not prepared 
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Observations 


As reported previously by one of us (J. C. 
P.)?* and by others,'"*" no difficulty has 
been experienced in demonstrating an in- 
timal capillary circulation in the more ad 
vanced lesions of atherosclerosis by ordinary 
staining methods. Even in random sections 
definite channels, often filled with red blood 
cells, could be seen in the superficial layers 
jut with fatty 
flecks and streaks and small pearly plaques 


of most of these lesions. 
our experience has been quite different. 
Several complete serial sections of fatty 
streaks, stained with hematoxylin and eosin, 
have been examined, but with disappointing 
results. Subendothelial spaces could some- 
times be made out, but they did not contain 
red cells, nor did they have a definite endo 
thelial lining. However, we were not en 
tirely convinced that these spaces were not 


bloodless capillaries, and the alkaline phos- 


Fig. 1 


with hematexylin and eosin. 
capillaries by this method. 


A. M. A. ARCHIVES OF PATHOLOGY 


phatase stain for endothelium was therefore 
tried. 

Our first concern was with the sensitivity 
of the method and with its validity. Con- 
tiguous sections of cerebral tissue were 
stained with hematoxylin and eosin and by 
the alkaline phosphatase technique, respec- 
tively. It was immediately obvious that 
capillaries which were evident with hema- 
toxylin and eosin were also alkaline-phos- 
phatase-positive and, further, that many 
more capillaries per microscopic field could 
be distinguished by the alkaline phosphatase 
technique than by the orthodox procedure 
(Fig. 1). Newly formed capillaries in a 
fragment of granulation tissue from a heal- 
ing ulcer were also found to possess striking 
The 


phosphatase reaction was next tried on sec- 


enzyme activity (Fig. 2). alkaline 


tions of “normal” aorta. No activity (except 


that in one specimen to be described later ) 


Photomicrographs of contiguous sections of human cerebral tissue taken from 
the region of the lateral ventricle; reduced approximately 12% from mag. X 50 


A, stained 


B, stained by alkaline phosphatase technique and demonstrating 
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2.—Photomicrograph of a section of granu 
lation tissue from a healing ulcer in a human 
patient. The capillaries are densely stained, and 
the proliferating fibroblasts to a smaller degree 
Alkaline phosphatase; reduced % from mag. X 50 


Fig 


could be seen in the intima or inner medial 
layers, but the ramifications of the normal 
vasa vasorum in the outer media and adven 
titia became surprisingly evident, far more 
so than with the hematoxylin-and-eosin 
procedure. 

The staining of the normal endothelial 
cells lining the aorta was usually disappoint 
ing. In most of the sections these cells were 
stained only occasionally, perhaps because 


OF EARLY ATHEROSCLEROTI( 


PLAQUES 


they had been rubbed off by manipulations 
during autopsy or during the preparation 
of the tissues. But of more concern was the 
failure of some endothelial cells of the vasa 
when 

We 


concluded from this that the concentration 


vasorum to show the reaction even 


their fellows were strongly positive. 


of the enzyme is probably much greater in 
endothelial 
any event this failure of some cells to stain 


some cells than in others. In 
has made it difficult to trace a particular 
capillary in serial sections for any distance. 

Preformed calcium salts have been elimi 
nated as causes of false-positive reactions 
either in the vasa vasorum or in areas of 
brownish discoloration within the thickened 
intima. When duplicate sections were incu 
bated in distilled water instead of glycero 
phosphate the reaction did not appear, and 
when other sections were pretreated with 
citrate buffer the reaction was just as promi- 
nent as in the original test sections. Hemo- 


siderin deposits could not have been 
responsible for false-positive reactions, since 
they would have been evident in the distilled 
water controls. However, it should be men- 
tioned that we have carried out the Prussian 
blue method on sections of the lesion illus 
trated in Figure 6; the tissue that showed 


brownish-black discoloration was negative 


Alkaline Phosphatase Activity in Early Atherosclerotic Plaques 


Cause of Death 


Subdural hemorrhage 


Ca. of lung 

Ca. of parotid 

Ca. of penis 

Hypertensive; heart disease 
Cor pulmonale 

Hypert. of prost. and sequelae 
Dom. care and B.P. 


Sen. dem. and cor. art. disease 


Hem. pancreatitis 
Rheumatic heart 


Cor pulmonale 


Alzheimer's disease 
Aircraft accident 


Paterson et al. 


j 
| 
| 


Enzyme Activity 
Type of Plaque in Superficial Intima 
Positive 
Positive 
Positive 
Negative 
Positive +++ 
Positive 
Positive 
Positive 
Questionable 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Positive 
Negative 
Positive 
Positive 
Positive 
Positive 
Positive in fibrin cap 
Positive 


. Fleck 
No plaque 
Fleck 


No plaque 

Streak 

Fleck 

Fleck 

Fleck 

Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Very small pearly plaque 
Small pearly plaque 
Small pearly plaque 
Small pearly plaque 
Small pearly plaque 
Streak 

Small pearly plaque 
Streak 

Streak 

Streak 


Peer SSP KK PK RK RK Ke Ke HK Ke ePo 
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for ferric iron, although a faint positive 
reaction was seen in the vicinity 

The alkaline phosphatase technique has 
been attempted on selected parts of complete 
large 
earliest recognizable lesions of atherosclero 


fle ks 


plaques, 


serial sections of a number of the 


sis—fatty fatty streaks, very small 


pearly and small pearly plaques 


To date, 26 individual early lesions have 


Fig Ph 
Orta; 0 1 
layers of the 
activity in 


tomicrographs of contiguous 


stained by 
structures im the 


intima. B 
two tubular 


sections 
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Fig. 3.—Low-power 
photomicrograph of a 
small pearly plaque from 
an elderly patient. Foci 
ot enzyme activity are 
seen in the superficial 
layers of the thickened 
intima at the apex of 
the plaque. On serial sec- 
tion no communication 
was found between these 
structures and the nor- 
mal vasa vasorum of the 
adventitia, which also 
show strong enzyme ac- 
tivity. Alkaline phospha- 
tase ; reduced slightly 
from mag. << 15 


been studied by serial section. The pertinent 
each are given in the Table, and 
24 out of 26 


early lesions (92%) definite alkaline phos 


data on 


from this it is seen that in 


phatase activity was observed in some part 


of the superficial layers of the intima. 

It should not be inferred from this Table 
that the enzyme activity was easily demon- 
strated in these early lesions. On the con 
streak of the human 


through a fatty 


stained with hematoxylin and eosin and showing foam cells in the superficial 


alkaline 


phosphatase technique and showing enzyme 


foam-cell layer 
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Fig. 5.—Photomicrographs of adjacent sections of a small pearly plaque; reduced ap- 


proximately 4% from mag 
dense fibrosis in the intima 


x 80 


stained with hematoxylin and eosin and showing the 


B, stained by alkaline phosphatase technique and showing many 
foci of enzyme activity within the 


intima 


Fig. 6.—Photomicrographs 
of adjacent sections (about 
804 apart) of a fatty streak 
ot an aorta; x 200 A, 
stained with hematoxylin 
and eosin and showing foam 


cells and a definite capillary 
containing red blood cells. 
B, stained by alkaline phos- 
phatase technique and show- 
ing enzyme activity in a 
tubular structure in the 
same general location 





Fig. 7 
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Photomicrographs of sections through the wall of a “normal” aorta; x 80. A, 


stained with hematoxylin and eosin and showing, at the most, slight fibrosis of the intima 
B, stained by alkaline phosphatase technique and showing a suggestive tubular structure with 


enzyme activity in the subendothelial tissues 


hundreds of sections often had to 
individual cases before it 
was But 
found the activity lay in the same general 
location in contiguous sections, and control 


trary, 
be examined in 
eventually 


encountered when 


measures showed that the reaction was not 


due to preformed calcium salts or to hemo 


siderin deposition 


Fig. & 


aorta; reduced slightly from mag. X 80. A, 


by the alkaline phosphatase technique. 


Several of the better, and more convinc- 
ing, examples of enzyme activity in our 
series are illustrated in Figures 3, 4, and 5. 
And with two of these we present a photo- 
micrograph of a hematoxylin-and-eosin- 
stained section from an adjacent part of the 
artery to show the early nature of the ath- 
The enzyme activity 


erosclerotic process. 


Photomicrographs of a fibrin thrombus lying on the endothelium of a “normal” 
stained with hematoxylin and eosin. 


B, stained 
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VASCULARIZATION OF EARLY ATHEROSCLEROTIC 


in the intima was located exclusively in the 
superficial layers close to the lumen (Fig. 
3), and on seria! section no connection was 
found between it and the activity normally 
present in capillaries of the adventitia and 
outer medial layers. In some of the speci- 
mens the enzyme activity was confined to 
a single small group of cells, and these were 
arranged similar to endothelial cells lining 
capillaries (Fig. 48). In others, the activity 
was more extensive; it involved many cells 
but again its focal nature was evident (Fig. 
5B). 
only one in our large series, red blood cells 


In one fatty streak, and it was the 


within a definite capillary were demon- 
strated by hematoxylin and eosin stain in 
approximately the same location as that in 
which enzyme activity was noted in a con- 
tiguous section (Fig. 6). There seems to 
be no doubt that the enzyme activity in this 
section occurred in capillary endothelium. 

Up to this point our observations have 
been concerned only with the enzyme ac 
tivity in early atherosclerotic lesions. How- 
ever, similar activity has been noted very 
occasionally at points where there was io 
definite gross or microscopic evidence of 
atherosclerosis. An example of this is shown 
in Figure 7. 
present in this specimen, but there was no 


Intimal fibrotic changes were 


foam-cell production or other true athero- 
matous change. The enzyme activity here 
followed the same pattern as that in fatty 
streaks: it lay in the subendothelial tissues, 
it was decidedly focal in distribution, and the 
affected cells had a suggestive tubular ar- 
rangement (Fig. 7B). 

One other accidental finding was made 
during the course of this study, one that 
suggests a possible origin for intimal vascu- 
larization. In three cases, tiny nubbins of 
fibrin attached to the 
endothelial surface of the artery; they were 


were encountered 
identical with the fibrin thrombi of arteries 
described by 
appearance of these small thrombi stained 


Duguid.’* The microscopic 


with hematoxylin and eosin was not impres- 
sive, but on exposure to the alkaline phos- 
phatase technique they showed intense and 


Paterson et al. 


PLAQUES 


rather diffuse activity (Fig. 8), not unlike 
that in normal granulation tissue (Fig. 2). 
The possible relationship of capillaries in 
these organizing mural thrombi to the initia- 
tion of intimal vascularization merits con- 
sideration. 


Comment 


The observations presented here suggest 
strongly that vascularization of the intima 
of the human aorta is an early rather than a 
late phenomenon in the course of athero- 
there 
that it precedes the first macroscopic lesions 
The truth of these assertions 
depends upon the validity of our histochem- 
Does alkaline phosphatase 
activity within the intima necessarily denote 


sclerosis. Indeed, is some evidence 


of the disease. 
ical procedure. 


the presence of capillaries in this location? 

As described under Observations, appro 
priate control measures have eliminated the 
possibility that the enzyme activity in our 
material was due to interfering substances, 


such as preformed calcium salts or hemo 


Other 
phages, proliferating fibroblasts, and the 


siderin. structures such as macro- 
pigment resembling ceroid (in nerve cells), 
are known to possess the enzyme activity 
on occasion, and these possibilities have also 
been considered, By their general morphol- 
ogy the affected cells are certainly not macro- 
phages, and their distinct focal pattern of 
growth is quite unlike that of fibroblasts. In 
fact, the tendency of the activity to occur in 
isolated structures with a tubular form was 
evident in many of our specimens, Stains for 
pigment of the ceroid type (oil red O and 
Ziehl-Neelsen acid-fast stains) have shown 
granular material in the intima which was 
far in excess of the isolated points of alka- 
line phosphatase positivity. And in one in- 
stance a superficial area of intimal tissue 
with striking enzyme activity failed to show 
any evidence of ceroid. For these reasons, 
and because unequivocal evidence of red 
cells was found within one of these struc- 
tures with enzyme activity (Fig. 6), we 
suggest that all of them represent superficial 
We admit, though, that 


intimal capillaries. 
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we are puzzled by our inability to demon 
strate readily a red cell content in these 
channels by ordinary staining procedures. 
Can it be that they are so superficially placed 
that they have been emptied by the “milking 
action” of the last pulse wave before death? 
This suggestion is speculative, but it is the 
best we can offer at the moment. 

If these sites of enzyme activity do in 
fact represent capillary endothelium, a major 
objection to the vascularization theory is 


overcome, They mean that vascularization 


of the intima of arteries is an extremely 


early feature, perhaps a precursor, of the 
And if end-stage 
plaques can rupture and liberate blood (with 
contained lipid) into the intima, the vascular 
channels in fatty streaks or in the slightly 
fibrotic 


disease. capillaries in 


intima of “normal” arteries might 


The 


accumulations, the fibrous-tissue prolifera 


conceivably do the same 


foam-cell 


tion, and 


the deposition of hemosiderin, 
which are all found in the earliest of athero 
sclerotic lesions, may thus be explained by 
recurrent hemorrhages from the rupture of 
Why 


these vessels should rupture more easily and 


“high pressure” intimal capillaries 
with greater frequency in some persons than 
in others thus becomes a matter of real im 
control of 


portance in the atherosclerosis 


Summary and Conclusions 


Using the alkaline phosphatase staining 
technique for endothelium, structures with 
the general form of capillaries have been 
demonstrated in the superficial layers of 
the intima in a large series of the earliest 
lesions of atherosclerosis of the human aorta 
In one instance red cells have been found 


within a structure which showed enzyme 


activity. Assuming that the enzyme activity 
is not due to interfering substances, and we 
have tried to eliminate these possibilities, 
it is concluded that vascularization of the 
intima is an extremely early feature in the 
course of atherosclerosis. Evidence has been 
obtained that it may actually precede the 


first recognizable lesions of the disease. 
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Atheromatous Emboli; a Cause of Cerebral Infarction 


Report of Two Cases 


WILLIAM J, WINTER Jr., M.D., Miami, Fila. 


Embolization of the systemic arterial 
system from atheromata, as poinied out by 
Flory? in a comprehensive study, is prob- 
ably more frequent than is generally realized. 
Since atheromatous disease is severest in 
the abdominal segment of the aorta, embolic 
lesions may be expected to predominate in 
branches arising from this part of the aorta. 
Consequently, atheromatous emboli to the 
brain could be expected to occur with rela 
tive rarity, and such appears to be the case, 
since descriptions of these lesions are scarce. 
Meyer,” however, has described two cases 
with 
in one of which syphilitic aortitis was the 
The 


were 


involvement of the cerebral arteries, 
cases which 
both 
the ascending portion 


underlying disease two 
embody this report 
with 


and arch of the aorta, one case being un 


associated 


aneurysms of 
equivocally of syphilitic origin. 


Report of Cases 


\ 67-year-old white man was admitted to the 
hospital five months before his death because of 
the sudden mental 


blood 


pulsating 


onset of aphasia, confusion, 
and right 
188/60. 


of the 


hemiparesis. His pressure was 
There was a 


right 


large aneurysm 


innominate and subclavian arteries 
The heart was fibrillating, and loud systolic and 
diastolic murmurs were heard over the aortic area 
1912, 


a single injection of arsphena 


He gave a history of 
initially treated by 
(606) 
treatment in 


a penile chancre in 


mine Subsequently, he received antisyphi 
litic 1934 and 1947. The syphilitic 
aneurysm was first recognized in 1947, following 
the onset of trophic disturbances in the right upper 


extremity. He had been hospitalized several times 
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University 


Administration Hospital, Coral 


1947 to 1954 for recurrent 
The 
paresis, for which he had his final hospital admis- 
sion, 


during the interval of 


attacks of congestive heart failure hemi- 


improved almost completely, but abnormal 


restlessness and agitation characterized his be- 


havior during the last few months of his life 
He showed a gradual mental and physical deterio- 


ration until his death, in May, 1955 
At autopsy a large syphilitic aneurysm of the 


innominate artery was found, from which twe 
One extended into the neck 
lateral to the common while the 
protruded into the right 
axilla, It 


the anterior chest 


separate sacs arose 
carotid artery, 
other, and larger, sac 
pleural cavity and had begun to leak 
wall. The 


aneurysm, as 


into the muscles of 


intimal surface of the innominate 
well as the ascending segment of the aorta, was 
covered by innumerable atheromata, most of which 
Soft 


were 


were eroded and partly calcified thrombi, 


containing cholesterol crystals, adherent to 


The remainder of the aorta was uniformly 
dilated and its 


many 


surface covered by numerous 


eroded atheromata. The heart was enlarged and 


the left ventricle dilated. No thrombi were found 
within the heart. The carotid bulb was patent and 


no thrombi were found at this site, although a 


With the 


remainder of the autopsy 


sessile plaque was present exception 


of the brain, the was 


not remarkable. Microscopic sections confirmed 


Fig. 1 
cluded by 
vessel are 


(Case 1).—Small meningeal artery oc- 
atheromatous embolus. Branches of the 
uninvolved. Hematoxylin and eosin 
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the syphilitic aortitis. No 
found in any of the viscera 
The 


hemispheres 


embolic lesions were 
The 
symmetrical and the 
was normal, except at the right 


occipital pole, where the convolutions were nar- 


brain weighed cerebral 


convolu- 


1250 gm 
were 
tional pattern 
rowed and had a moth-eaten appearance. Coronal 
sections of the brain showed multiple old cortical 
infarcts. The situated in the 
left occipitoparietal region, measured 4.02.0 cm 
in over-all diameter and was discolored as by old 
hemorrhage. The 
smaller, 


largest of these, 


of the infarcts were 
from a few millimeters 
They were generally confined 
to the cortex, although the larger infarcts extended 
into the 


majority 
much varying 
in width to 2 em 

subcortical white matter. They were 
found in both hemispheres, involving the frontal 
poles, the right orbital cortex and superior 
temporal gyrus, and the left middle frontal gyrus, 
middle temporal gyrus, and insula. Small cortical 
infarcts were also found in the lateral portions of 
each cerebellar hemisphere. The basal ganglia and 
brain stem showed no lesions. The corpus callosum 
was moderately atrophied, and the lateral ventricles 
were dilated. An lesion was a venous 
angioma of the central white matter in the right 


parietal lobe 


incidental 


There was moderate nodular athero- 
sclerosis of the basal cerebral arteries 


Microscopic Examination of Brain 


The multiple infarcts in both the cerebral 
and the cerebellar hemispheres were all old 


and characterized, for the most part, by 


areas of cystic degeneration of the cortex 


and subcortical white matter. They were 


infiltrated by numerous phagocytic cells, 
some of which contained hemosiderin, Broad 


areas of demyelination and gliosis were 


Fig. 3 (Case 1).—Penetration of 
by large cholesterol-crystal emboli 
and eosin 


arterial wall 
Hematoxylin 


PATHOLOGY 


Fig. 2 (Case 1).—Organized cholesterol embo- 
lus in meningeal artery showing giant-cell forma- 
tion. Hematoxylin and eosin 


present in the white matter underlying the 
infarcts. The subpial layer was intact and 
gliosed. Near or adjacent to these infarcts 
small branches of the cerebral arteries were 
found occluded by organized emboli ( Fig. 
1). In some, large cholesterol crystals lay 
within the organized tissue, surrounded by 
foreign-body giant cells (Fig. 2). Occasion- 
ally, the protruding 
through the vessel wall, covered on the out- 


crystals were seen 
side by only a thin layer of adventitia 
( Fig. 3). Many of these vessels had a 
although lumen, 


whereas others showed obviously recanalized 


persistent, narrowed, 
channels. Some of the arteries were occluded 
by amorphous material staining like fibrin, 
but showing organization (Fig. 4). In a 
few vessels a similar substance appeared to 


Fig. 4 (Case 1).—-Meningeal 
atheromatous emboli with 
Hematoxylin and eosin 


showing 
crystals 


artery 
cholesterol 
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ATHEROMATOUS EMBOLI 


be deposited in the wall of the artery, covered 


by endothelium and producing an eccentric 
thickening of the vessel wall without signif- 
icant stenosis. 

Case 2.—The patient, also a 67-year-old white 
man, had been in ill health for three years prior 
to admission to the hospital. He had a history of 
three cerebrovascular attacks, the first, occurring 
in 1952, had left residuals of .a left hemiparesis 
and partial paralysis of the vocal cords. There was 
an indefinite history of a positive serological test 
for syphilis, although he had never been treated for 
He had also suffered from asthmatic 
attacks for many 


this disease. 
years. Five days prior to ad- 
mission to the hospital, he had severe episodes of 
coughing, followed by attacks of unconsciousness, 
each of the latter persisting three to four hours 

Physical examination revealed the blood pressure 
to be 180/100 and the heart rate 100 per minute 
The chest was emphysematous. The aortic second 
No abnormal neuro- 
logical signs were demonstrated. The VDRL test 
A chest showed marked fusi- 
form widening and calcification of the ascending 


sound was long and harsh 


was negative x-ray 


moderate cardiac enlargement. A left 
block EKG 


There were no other significant laboratory findings 


aorta and 


bundle-branch was shown in the 

Dyspnea, complicated by several acute asthmatic 
attacks, 
the month 


course during 
He de 
jaundice a week 


characterized his clinical 
that he 


transient 


lived in the hospital 
attack of 
following one injection of chlorpromazine (Thora 
zine) 


veloped a 


Liver function tests then suggested an 


obstructive type of jaundice. He seemed to im 
prove somewhat until the night of his death, when 


he had a fatal attack of acute respiratory dyspnea 


Autopsy Findings 


The external 
remarkable 


the body 
500 cc. of serous fluid 
in the right pleural cavity, as well as old adhesions 
The right lung was edematous and congested, and 


appearance of was not 


There were 


the left showed large areas of partial atelectasis, 
in the lobe. The 
larged and dilated, weighing 700 gm., primarily 
due to hypertrophy of the left ventricle. Multiple 
scarred infarcts were found in the posterior wall 


especially lower heart was en- 


and apex. Except for mild dilatation of the aortic 


valve, the valve leaflets were normal. The anterior 
descending coronary artery was virtually occluded 
2 em calcified 


from jts origin by a atheroma 


There was moderate sclerosis of the left circum 


flex and right coronary arteries. The aorta was 
markedly dilated and inelastic, beginning at the 
level of the coronary arteries and extending to the 
iliac arteries. A 


volved the 


large fusiform aneurysm in 


arch of the aorta, beginning at the 


innominate artery and extending into the upper 


Winter 


CEREBRAL INFARCTION 


third of the thoracic segment. The entire intimal 
the aorta, but in particular the an- 
large atheromatous 
plaques, many of which were ulcerated and covered 
Much of the aneurysmal wall 
was also calcified. The of both renal 
arteries were partly occluded by ulcerated athero- 
mata, although the celiac and mesenteric vessels 
The left main bronchus was 
the an- 


surface of 


eurysm, was covered by 


by soft thrombi 
openings 


were not obstructed. 
adherent 
eurysm. 

The duodenum was inflamed, and several linear 
ulcers, lined by a dark-red membrane, were found 
in the second portion, overlying the head of the 
pancreas. 
gestion. No 


to and partly compressed by 


The liver showed chronic passive con- 
noted in 
the spleen, pancreas, or adrenal glands. The kid- 
neys were reduced in size, each weighing 125 gm., 


gross abnormalities were 


and their parenchyma was partially replaced by 
multiple retention cysts 


Several of 


The surface was granular 
the secondary branches of the renal 
artery of each kidney appeared thickened or oc 
cluded 
lobes of the 


Hyperplastic nodules occupied the lateral 
The bladder 
testes were grossly normal 


prostate urinary and 


Gross Description of Brain 


The brain 1350 gm. Externally, the 


cerebral 


weighed 
convolutions of the 
The 


arteriosclerosis, 


hemispheres were 


normal basal cerebral arteries showed a 


nodular with dilatation of the 


basilar and vertebral arteries. No occluded vessels 


were demonstrated. When the brain was sectioned 


in the coronal plane, a number of small infarcts 


were seen. A single small cystic infarct, 3 mm 


in diameter, was found in the left globus pallidus 
The remaining lesions were confined to the cortex, 
usually in the depths of sulci, and, with one ex 


ception, none was larger than 3 mm. Grossly, 


Fig. 5 (Case 2).—Large cholesterol crystals 
embedded in the media of a meningeal artery and 
covered by a thin layer of fibrin and endothelium. 
Hematoxylin and eosin 
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they all appeared similar, being slightly discolored 


and partially cystic. They were predominant in the 
left cerebrum, although the largest lesion, measur 
ing 2 cm. in greatest length, involved the right 
calcarine cortex, extending to the medial wall of 
lateral ventricle. No 


the posterior horn of the 


lesions were found in the brain stem or cerebellum 


Microscopic Findings 


The infarets in the brain were uniformly 
old, The larger ones were cystic and charac 
terized by dissolution of the cortex, which 
was covered by a gliosed subpial membrane 
In addition to the larger infarcts, which 
were visible grossly, a number of micro 
scopic lesions were found within the cortex. 
These consisted of small, somewhat wedge 
shaped areas in which the nerve cells had 
disappeared, but in which capillaries had 
become prominent and both microglia cells 
and astrocytes were increased. In the ad 


jacent small branches of the cerebral ar 


teries, the lumen was occluded by emboli 
composed of one or more large cholesterol 
crystals, often surrounded by foreign-body 
cells. There variation in the 


giant was 


histological appearance of these emboli 
Some of them were composed of large crys 
tals that were lodged in the wall of the artery, 
penetrating the elastica and media and 
covered by a layer of endothelium super 
imposed upon a thin membrane of fibrin 
Other 


giant-cell reaction around the crystals, with 


(Figs. 5 and 6) lesions showed a 


more or less destruction and fibrosis of the 


Fig. 7 (Case 2) Meningeal artery occluded by 
many cholesterol crystals and showing hemosiderin 
deposits in the adventitia Hematoxylin and eosin 
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Fig. 6 (Case 2).—Perforation of internal elastic 
iamina of meningeal artery by cholesterol crystals 
Van Gieson elastic stain 


As in the 
sometimes re- 


media and internal elastic lamina. 
the 
canalized, while in others it was filied with 


first case, lumen was 
an amorphous fibrin mass. Occasionally, the 


the 


vessels 


latter material could be followed into 


small cortical arterioles. Several 
showed marked intimal thickening and ad- 
ventitial fibrosis, most marked proximal to 
the site of actual occlusion. Heavy deposits 
of hemosiderin were seen in the thickened 
adventitia and within the organized tissue, 
occluding the lumen of a few arteries (Fig. 
7). The vessels containing cholesterol 
crystal emboli varied in caliber from 8, to 
55 

Cholesterol emboli were also found in the 
small arteries of other organs. Wedgeshaped 
cortical scars in the kidney were associated 
vascular lesions, but no true 


with such 


infarcts were found, suggesting that the 


lodgment of the emboli produced a partial 


ischemia, resulting in atrophy of the renal 


Fig. & 
cluded by 
eosin. 


Branch of 
emboli 


(Case 2) 
cholesterol 


renal artery oc 
Hematoxylin and 
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Testicular artery occluded by 
Hematoxylin and eosin 


Fig. 9 (Case 2) 


large cholesterol emboli 


parenchyma, as suggested by Handler * in 
his series of cases with cholesterol emboli 
to the kidney (Fig. 8). In one section of the 
duodenum, an ulcer overlay a small artery 
embolus. 


occluded by an atheromatous 


Cholesterol emboli were also found in the 


spleen, liver, and testis; but, again, no 


infarcts were found (lig. 9). 
the 


aneurysm, showed atheromatous disease, but 


Sections of the aorta, including 
unequivocal evidence of syphilis was lack 


ing. 


Comment 


Cholesterol emboli to the brain are rare, 
although such emboli to systemic arteries of 
other organs are of more frequent occur- 
1.'%4 The greater 
the 
descending aorta than of that seen in the 


rence than is appreciates 
degree of atheromatous disease of 
ascending portion and arch would help to 
explain this difference in frequency. It ts 
significant, therefore, that in the two cases 
described here large aneurysms of the aortic 
arch, with severe atheromatous lesions, were 
the source of the cerebral emboli. There was 
variation in the size of the cerebral arteries 
occluded, correlated in part, at least, with 
the size of the cholesterol crystals. However, 
no vessels larger than 834 (as measured in 
paraffin sections) and none smaller than 8» 
contained cholesterol emboli, although in 
Case 2 masses of fibrin, presumably from 


the aortic plaques, were seen in cortical 


Winter 


CEREBRAL INFARCTION 


arterioles. Since little or no sclerotic change 
was present in the arteries not occluded by 
the emboli, localized atherosclerosis as the 
cause of these arterial lesions is precluded. 

The fact that true infarcts were not seen 
in the organs other than the brain may best 
be explained by the greater resistance to 
anoxia of other viscera. As has been ob 
served in these cases, and as postulated 
by Meyer,” the impression is gained that the 
sudden lodgment of the cholesterol crystals 
in the cerebral vessels induces arterial spasm, 
which may persist sufficiently long to result 
in irreparable damage to nerve cells, since 
only a few minutes of anoxia is required. 
This seems not unreasonable if one assumes 
that the the 
crystal the this 
trauma, therefore, induces persistent spasm. 


contraction of artery forces 


deeper into media and 
The lodgment of free cholesterol crystals 
need not completely occlude the lumen of an 
artery, but when they are embedded in a 
atheromatous debris, 
the may 
easily occur, as in any other true embolus. 

On the 


cholesterol 


mass of fibrin and 


complete obliteration of lumen 
the 
alone 


other hand, lodgment of 


crystals may leave a 
until 


resulted in 


partially patent lumen, reparative 
either severe 
The fact that 


evidence of hemorrhage was not found in 


processes ha ve 


stenosis or actual occlusion. 
the infarcts suggests that the ischemia was 
sufficient to produce nerve-cell death but 
not necrosis of blood vessels. 


Since the brain due to 


cholesterol emboli has been described with 


infarction of 


such rarity, these being only the third and 
fourth cases, it is probable that it has been 
overlooked.* The association with aneurysm 
of the aortic arch occurred in all four cases. 
The infarcts have generally been quite small, 
that, even 
though they may be seen, they are not 


some of microscopic size, so 


dramatic enough to warrant a section in the 
routine examination of brains. 


The history of both patients included in 


this report suggests that sudden activity, 


such as severe coughing, as in the second 


case, may precipitate dislodgement of athero- 


14] 





matous emboli. The incidental finding of a 
duodenal ulcer overlying a small artery oc 
cluded by atheromatous emboli suggests the 
latter as a cause of peptic ulcer in the aged 
and arteriosclerotic patient. 


Summary 


Cholesterol-crystal emboli in small cere- 


bral arteries were found as the causative 
factor in two cases of multiple cerebral 
infarcts associated with severely atheroscle 
rotic aneurysms of the aortic arch. In one 
case the aneurysm was definitely of syphili 
tic origin 

The infarcts were characteristically small, 
but 


large enough to have caused symptoms 


even microscopiK in s1Z¢e, some were 


The cholesterol emboli produced organiza 


tion characterized by formation of foreign 
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body giant cells within the lumen of the 
vessels, Penetration of the arterial wall by 
the needle-like crystals also occurred. 


Jackson Memorial Hospital (36). 
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Histochemical Studies of Some Keratotic and 


Proliferating Skin Lesions 


I. Metachromasia 


HERBERT FANGER, M.D., and BARBARA E. BARKER, M.5S., Providence, R. |. 


Introduction 
In the course of studying the histochemi 
keratotic 
proliferating skin lesions, the distribution 


cal characteristics of some and 


of metachromatic substances seemed espe- 
cially interesting. This is a report delineating 
the incidence and location of metachromasia, 
the tissue constituents producing the reac- 
tion, and the relationship of mast cells and 
of connective-tissue alteration to metachro- 
masia, The skin lesions studied were verruca 
vulgaris, squamous papilloma, pigmented 
nevus, seborrheic keratosis, senile keratosis, 


and basal-cell carcinoma. 


Materials and Methods 


All specimens were trimmed to a thickness of 
3 mm. neutral, buffered 10% 
formalin chilled to 4 C within one-half hour after 
They were fixed for 18-24 hours, de- 
hydrated, embedded, and sectioned at 5y. 

Toluidine Blue’—A 0.05% aqueous solution of 
toluidine blue O, buffered with Mcllvain’s buffer 
(M/10 citric acid, M/5 disodium phosphate) was 
used at pH 2.5, 4.0, and 6.0. Serial sections of 
most specimens were stained at each pH for five 
minutes. After they were rinsed in water, all sec- 
tions were treated with absolute alcohol 
minutes, cleared in xylol, 


and immersed in 


excision. 


for two 
and mounted in Per- 
mount. The solution adjusted to pH 4.0 was found 
to be most satisfactory 

Mast Cells.—Mast-cell counts were made in the 
toluidine-blue-stained sections. In most cases, 30 
high-power fields (12.5 43>) were scanned 
and the average number of mast cells per field 
were recorded. 
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Testicular Hyaluronidase.’"—Sections were 
at 37 ¢ 


testis hyaluronidase * 


incu- 

in a 0.015% solution of 
in 0.1 

Controls 


bated for 18 hours 
bovine M Sorenson's 


phosphate buffer, pH 6.0 were run in 


the buffer alone. Following digestion, the sections 
were rinsed well and stained with toluidine blue 
Streptococcal Hyaluronidase."—Sections were in- 
cubated for 18 hours at 37 C in a 0.015% solution 
of Streptococcus pyogenes hyaluronidase f assaying 
15 TRU per milligram in cold isotonic saline. The 
pH was adjusted to 7.0 with dilute sodium hydrox- 
ide and a solution filtered through a sintered glass 
filter 
tion after it had been inactivated by 


Controls were run in a portion of the solu 
boiling for 
five minutes. After digestion, the sections were 
rinsed well and stained with toluidine blue 
Ribonuclease.” 


hours at 37 C in a 0.010% solution of bovine pan 


Sections were incubated for three 


sodium chloride-phos- 


Controls were run in the 


creas ribonucleaset in a 
phate buffer of pH 6.0 
buffer alone. After digestion, the sections were 
rinsed well and stained with toluidine blue 
Elastic Tissue—Verhoeft's elastin stain. 
Reticulum.*®—Foot and Ménard’s silver carbonate 
method for reticulum 


Observations 


The epidermis of normal or pathologic 
specimens showed a slight and variable 
The keratin of the stratum 
corneum from green or, 
rarely, The the 
squamous epithelial cells was deep blue with 


metachromasia. 
stained blue to 
yellow. cytoplasm of 
a slight lavender tint, especially in the lower 
prickle-cell layers. 

In the the 
normal or pathologic specimens usually oc- 
curred in the thin acellular ground sub- 
stance. Occasionally there were small spaces 


dermis, metachromasia of 


* Donated by Sigma Chemical Co., St. Louis. 

+ Donated by Wyeth Institute for Medical Re- 
search, Philadelphia. 

t Donated by Sigma Chemical Co., St. Louis. 
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in the ground substance suggesting that 


substances (?colloids) might have been 
washed out in the process of preparing the 
specimens. Metachromasia occurred rarely 
in the ground substance if it was dense and 
homogeneous 


skin 


casional metachromasia which corresponded 


The dermis of normal showed 0 


to the distribution described by Montagna.® 


It appeared as a patchy pink coloration of the 


ground substance occurring beneath the 


epidermis, around skin appendages, around 

capillaries, and in the external root sheath 

and papillae of growing hair foiicles 
Lesions, such as verruca vulgaris, papil 


loma, seborrheic keratosis, and senile kera 


showed either a minimal amount of 


tosis, 


metachromasia or none at all. In a few 


instances there was a moderately strong 


reaction in the ground substance just beneath 
the basement membrane, Rarely there was a 
patch of green coloration in the ground 
substance. In the pigmented nevus, a varia 


ble amount of pink metachromasia in the 


TABLE | Relationship of Mast Cells to 


Metachromasia 


Amount of 
Metachromasia 
(Dermis) 


Lesion No. Mast 
Cells/HPF 
Norma! skin Very slight 
Very slight 
Slight 
Slight 
Verruca vulgar 
None 
None 
Slight 
None 
Papilloma 
None 
None 
Slight 


None 
2 Moderate 
4 Slight 
‘ Shight 
} Negative 
" Slight 
Seborrheic keratosis 
None 
None 
Slight 
Slight 
Senile keratosis 
Slight 
2 : Good 
3 None 
None 


4 
Basal-cell carcinoma 


l 
2 
3 
‘4 


Slight 
Moderate 
Slight 
Good 
Good 
Moderate 
Good 
Good 
Good 


ce~s> 


A. M. A. ARCHIVES OF PATHOLOGY 


Taste 2.—Effect of Hyaluronidase Digestion on 


Metachromasia 


Hyaluronidase * 
Lesions Streptococcal Testis 
Papilloma 0 
Seborrheic keratosis 0 
Senile keratosis 0 
Basal-cel] carcinoma 0 
Normal skin 0 
Mast-cell granules 0 


*0 indicates no effect on metachromasia; +++, complete 
eradication of metachromasia. 


ground substance surrounded clumps of 
nevus cells, It occurred only slightly more 
frequently than in the lesions mentioned 
above 

In basal-cell carcinoma the pink meta- 
The 


thin fibrillar ground substance around the 


chromasia was impressive (Fig. 1). 


masses of the tumor was a rich pinkish-red 
color. Occasionally even the connective tis- 
sue containing thick fibers showed a strong 
metachromasia. 

The mast cells when stained with toluidine 
blue contained deep red, sometimes blue, 
cytoplasmic granules. The blue color, how- 
ever, is probably due to overstaining.? Mast 
cells varied in size and shape and were 
frequently shrunken and distorted. In basal- 
cell carcinomas they were enlarged and con- 
tained large red granules in the cytoplasm. 
Table 1 shows the incidence of mast cells in 
representative lesions as correlated with the 
degree of metachromasia present. The num- 
ber of mast cells and amount of metachro- 
masia were increased in basal-cell carcinoma 
(Fig. 2). 

Sections of normal and pathologic skin 
which showed metachromasia in the dermis 
both and 
streptococcal hyaluronidase and then stained 


were treated with testicular 


with toluidine blue. Results are shown in 
Table 2. 


metachromasia by 


There was complete eradication of 
bovine 
with 


with 
effect 


digestion 


testis hyaluronidase and no 
S. pyogenes hyaluronidase. 
Incubation of sections in ribonuclease did 
not alter the metachromasia of the dermis, 
but the basophilia of the epidermal cells was 
decreased. Since metachromasia is retained, 


ribonucleoproteins are not responsible for it. 
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2. — Basal-cell carcinoma: mast cells and meta 


Fig 
chromasia in stroma near tumor. Toluidine blue stain; 
increased one-third from mag. «x 900 








METACHROMASIA 


Normal and pathologic skin has numerous 
elastic fibers among the collagen in the 
lower dermis and in the subepidermal 
region. In a few cases there was fragmen- 
tation of the elastic fibrils in the papillary 
region, but this showed no correlation with 
the presence and intensity of metachromasia. 
skin, the 


basement 


In normal reticulum stain re- 
membrane to be 
prominent, and a few fine reticulum fibrils 
were often found in the subepidermal region. 


In verruca vulgaris, papilloma, seborrheic 


vealed the 


keratosis, and senile keratosis, the reticular 


network of the basement membrane was 


very sharp, but there was no increase in the 


amount of reticulum in the dermis. The 


only exception occurred in inflammatory tis- 


sue or in marked fibroblastic activity when 
fibrils In pigmented 
nevus, there was a definite meshwork of 
reticulum between the nevus cells (Fig. 3). 


reticulum were seen. 


The reticulum of basal-cell carcinoma was 


Fig. 3.—Pigmented nevus; reticulum fibers inter- 
spersed between the nevus cells; reduced 40% from 
mag. X< 440. 


Fanger—Barker 


Fig. 4.—Basal-cell carcinoma; reticulum fibers 
concentrated about the tumor masses and in the 
adjacent stroma. Collagen and reticulum fibers are 
present along the right margin of the picture; 
reduced 40% from mag. 440 


markedly increased. Masses of tumor cells 
in the dermis were walled off, or they were 
surrounded by bands of reticulum of varied 


thickness. When the 


reticulum 


tumor occurred in 


did 


penetrate the mass, but in areas infiltrated 


solid masses the fibers not 
by columns of tumor cells the reticulum 
fibers were seen coursing among the cells. 


The 


responded to the areas which were rich in 


areas of increased reticulum corT- 


metachromatic substance ( Fig. 4) 


Comment 
Bensley * believes that “metachromasia is 
not a histochemical test, but that it can reveal 
changes in the physical character of the 
Yet, if 
the substances producing the reaction can be 


amorphous intercellular substances.” 


identified, the reaction can serve as a histo- 
chemical test. 
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We found metachromasia quite constantly 


in the connective-tissue ground substance of 
basal-cell carcinomas and to a much smaller 
degree in the other skin lesions studied. 
Sylven *® and Asboe-Hansen ™ have claimed 
that the chromotropic substance is hyaluronic 
acid secreted by the mast cells. They noted 
in number in relation 
to tumors and suggested that hyaluronic acid 
was secreted by mast cells as a host response 


mast cells increased 


to modify in some way the invasive tenden 
cies of tumor. However, streptococcal and 
bull testis hyaluronidase indicate that the 
connective-tissue metachromasia is due to 
chondroitin sulfate and not hyaluronic acid, 
the 


Bunting.’ This is based on the observation 


in agreement with observations of 
that testicular hyaluronidase is nonspecific in 
its effect and removes both hyaluronic acid 
and chondroitin sulfate, whereas streptococ 
cal hyaluronidase is specific in its removal of 
hyaluronic acid.’* Normal skin contains ap- 
proximately equal quantities of hyaluronic 
sulfate.’* 


the retention of metachromasia after strep- 


acid and chondroitin Therefore, 
tococcal hyaluronidase digestion would sug 
that the 


chondroitin sulfate. 


gest chromotropic substance is 

In basal-cell carcinoma, there was a sug 
gestive increase in the number of mast cells 
around the infiltrating cords of the tumor. 
No attempt was made to evaluate the size 
or number of granules, since such histologi 
cal analyses are subject to many variables. 
lhe 


somewhat increased also in pigmented nevi 


number of mast cells tended to be 


and in other skin lesions 

Since the mast-cell granules did not lose 
with 
either testicular or streptococcal hyaluroni 


their metachromasia when treated 


dase, they either contain no appreciable 


amount of hyaluronic acid and/or chon- 
droitin sulfate, or these substances may be 
present in such small quantities that they do 
not affect thé stainability of the granules 
the 


hvaluronic acid or chondroitin sulfate in the 


In view of demonstrated absence of 
mast cells, the relationship of these cells to 


the metachromasia in the connective tissue 
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is not clear. Perhaps, as Bensley* sug- 


gested, mast cells serve to segregate enzymes 


as they are liberated into the amorphous 


intercellular substance. They would, thus, 


contribute to the “dermal barrier 

The amount of reticulum was greatly 
in the basal-cell carcinomas and 
in the pigmented nevi, but the distribution 
is different. In 


increased 
basal-cell carcinomas the 
reticulum surrounded the clumps of tumor 
and occurred in areas of increased metachro- 
In pigmented nevi, the reticulum 
fibers were between nevus cells, and there 


masia. 


was no constant association with metachro 
masia. It is that the 
increased reticulum in 
carcinomas 


our impression 


metachromasia and 
reactions of 


connective tissue to an invasive tumor. The 


the basal-cell are 
connective tissue immediately surrounding 
the tumor masses becomes altered and per- 
haps reverts to a more primitive type of 
There 


was no visible degeneration or necrosis of 


connective-tissue ground substance. 


collagen fibers in association with invasive 
this 


have occurred in the areas of connective tis- 


basal-cell carcinoma. However, may 


Necrotic 
collagen may have liberated chondroitin sul- 


sue already replaced by tumor. 


fate into the ground substance immediately 
around the tumor, and the increased con- 
centration could be manifested by metachro- 
masia. The reticulum fibrils may be the 
precursors of more mature connective-tissue 
fibers in an attempt te contain the invasive 
tumor and serve as a barrier to it. 

were fre- 
the 
cells. It has been suggested that nevus cells 


In the pigmented nevi, there 
quent reticulum fibrils between nevus 
may originate in the epidermis and migrate 


to the dermis.** The increased reticulum 
scattered between the nevus cells may be a 
manifestation of a previous connective-tis 
sue reaction to the invading cells. However, 
there is no increased reticulum around the 
periphery of the tumor, perhaps because it 
is not actively proliferating and thus not 
stimulating a connective-tissue reaction. The 
another mani- 


minimal metachromasia is 
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festation of the slight connective-tissue 


reaction. 


Summary 


The occurrence of metachromasia has 


been studied in the hyperkeratotic and pro- 


liferating lesions, papilloma, verruca vul- 
garis, seborrheic keratosis, senile keratosis, 
pigmented nevus, and basal-cell carcinoma. 
occurred con 


Increased metachromasia 


stantly in basal-cell carcinomas and 
irregularly in the other lesions. The meta- 
chromasia was probably due to increased 
amounts of chondroitin sulfate. There was a 
suggestive increase in number of mast cells 
in relation to the metachromasia in basal- 
cell carcinomas and pigmented nevi. The 
number 


There was increased reticulum formation in 


and distribution were variable. 
basal-cell carcinoma and in pigmented nevus. 
The possible significance of the metachro- 
masia and reticulum is discussed. 

Prof. William 
Laboratory, 


Arnold Biological 
University, gave advice and 


Arthur F. Jacques pre- 


Montagna, 
Brown 
guidance in this study. Mr 
pared the photomicrographs 
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Pulmonary Hydatid Disease in a Rhesus Monkey 


ANTON M. ALLEN, D.V.M., Bethesda, Md. 


Introduction 
Seven cases of hydatid disease in primates 
other than man have been reported in the 
literature. Nicoll** and Heller® each re 
South African baboons 
(Cynocephalus porcarius). Heller,’ 
bert,” and Torrance *® each reported cases 


pe wrted cases in 


Lam 


in rhesus monkeys (Macaca mulatta). Ur 
bain reported hydatid disease in Simia 
sylvanus L., which by present nomenclature 
is probably Macaca sylvana, or “Barbary 
Finally, Ratcliffe ** described hydatid 
disease in a lemur (Lemur mongoz). 


v 
ape. 


Materials and Methods 


This case of hydatid disease was observed dur 
The 


colony from which it was obtained was composed 


ing the course of routine primate autopsies 


of Macaca mulatta monkeys (recent arrivals from 
India) and a small number of Macaca philippinen 
sis, or “cynomolgus’’ monkeys. The animals were 


quarantined and conditioned for approximately 


six weeks prior to issuing to the laboratories 
Pathological Findings 


History.—The affected 
was a 9 lb. apparently healthy female rhesus 


Clinical animal 


monkey. It died almost immediately follow 
ing the exertion caused by being captured 
restrained for tuberculosis 


and palpebral 


testing. Violent tremors preceded prostra 
tion and death 
Pathological 
the 


Chere was abundant subcutaneous fat 


Gross Changes The gen 
good 
The 


cardiac and apical lobes of the right lung 


eral condition of animal was 


each presented a subpleural pendulous trans 
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lucent cyst, which was located on the ven- 
tral surface, near the hilus, of each lobe. 
The wall of the cyst of the cardiac lobe 
was focally herniated, and the cyst had the 
appearance of two connected cysts, each 
measuring 2 cm. in diameter (Fig. 1). The 
cyst of the apical lobe was simple. The left 
cardiac lobe contained a simple cyst, which 
measured 0.5 cm. in diameter and was lo 
cated immediately beneath the pleura of the 
dorsal surface of the lobe. The diaphrag- 
matic lobe of the left lung was represented 
by a mass of dark brown, leathery tissue. 
On incision, the mass was seen to be a 
flaccid, hollow sphere, the walls of which 
were granular in texture and were lined 
internally by a layer of tough fibrous tissue. 
The cavity of the lobe contained two rup- 
tured cysts floating in turbid watery fluid. 
Each cyst measured 3 cm. in diameter and 
had a glistening white thick, opaque wall. 


Fig. 1.—Hydatid cysts suspended from the ven- 
tral surfaces of the apical and cardiac lobes of 
the right lung 


ates 
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Fig. 2.—Cross section of a hydatid cyst, show 
ing the laminated, non-nucleated wall structure and 
the cystic contents, or “hydatid sand,” including 
hooklets. Hematoxylin and eosin; reduced ap 
proximately 4 from mag. 155 


One cyst contained numerous brown daugh 


ter cysts, measuring 1-4 mm. in diameter 


A pendulous cyst, measuring 2 cm. in diam 
eter, was attached by a fibrous strand to 
the superior surface of the left leaf of the 
diaphragm. 

Fig. 3.—Cross section of a brood capsule, torn 
from the germinal membrane. Collapse of the 
capsule brings numerous small invaginated scolices 


into view. Hematoxylin and eosin; reduced ap 
proximately %4 from 1220 


mag sl 


RHESUS MONKEY 


Fig. 4.--Cross section of a large mature scolex. 
Hooklets may be observed near a line of attach- 
ment. Hematoxylin and eosin; reduced approxi- 
mately % from mag. 1220 


Microscopic Findings 
Microscopic examination of sections from 
the left cardiac lobe, left diaphragmatic lobe, 
right apical lobe, and right cardiac lobe of 


the lungs revealed the presence of hydatid 


disease, i. ¢., the encystment of the larval 


Fig. 5.—Cross section of a mature fragmented 
scolex. Note the hooklets in direct profile, demon- 
strating variation in size. Hematoxylin and eosin; 
reduced approximately % from mag. X 280 





stage of Echinococcus granulosus. Sections 
of the cavitated, left diaphragmatic lobe 
showed severe pressure atrophy of pulmo- 
nary tissue surrounding the cysts. The 
imner layer of the wall of the cavity was 
composed of dense collagenous connective 
The remainder of the wall consisted 
of granulation infiltrated 


tissue. 


tissue, 


heavily 


with lymphocytes, plasma cells, histiocytes, 
eosinophils, and foreign-body giant cells. 


Several calcium depositions were noted in 
the collagenous connective tissue layer. Sim- 
ilar, less extensive reaction was 
noted in the tissue surrounding the cyst in 
the left Pleural thickening 
was observed in all affected lobes. 


cellular 
cardiac lobe. 
In areas 
of apposition of the pleura and cyst walls 
several 


calcium observed 


(Fig. 6). 


deposits were 


The hydatid cyst walls were composed 


of a characteristically laminated, non-nu 
cleated structure, loosely adherent to the 
adjacent host tissues (Fig. 2). The inner 
surface of the wall was lined with a partially 


autolyzed germinal membrane. Only one 


cyst, containing numerous daughter cysts, 
contained scolices and could be considered 


Fig. 6.—Cross section of a subpleural cyst 
Note the calcium deposit at the junction of the 
cyst wall and pleura. The characteristically weak 
union of cyst wall and tissue is apparent 
Hematoxylin and eosin; reduced approximately % 


from mag 


host 
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fertile. It was one of the two cysts found 
in the left diaphragmatic lobe of the lung. 
Numerous hooklets and scolices at various 
stages of development were seen in the 
contents of both parent and daughter cysts. 
Several large, fully developed scolices with 
intact rows of hooklets were observed. 

The average length of large hooklets was 
22» and the average length of small hook- 
lets was 17,. 

Diffuse pulmonary and hepatic congestion 
was observed. 


Comment 


The history of physical exertion followed 
immediately by tremors and sudden death, 
coupled “er finding of ruptured pulmo- 
nary hydaffl cysts, suggests strongly that 
the monkey died of anaphylactic shock. In 
the literature, there is frequent mention of 
antigenic reactions* and anaphylaxis '**® 
12,14 associated with hydatid disease in man. 
Kopeloff and Kinsell have 
that anaphylaxis may be produced experi- 


demonstrated 


mentally in rhesus monkeys by sensitization 
with horse serum and egg white.** In none 
of the seven previously reported cases of 
hydatid disease in lower primates was an 
anaphylactic reaction to rupture of a cyst 
considered as the mode of death. However, 
Ratcliffe described sudden death in an ap- 
parently healthy lemur following rupture of 
a hydatid cyst in the diaphragmatic lobe of 
Ratcliffe stated, “The sud- 
den collapse and death was of the sort that 


the right lung. 


might be expected to occur with rupture of 


such a cyst.” 


Summary 


Pulmonary hydatid disease is described in 
an adult female Macaca mulatta monkey, 
with involvement of both cardiac lobes, the 
right apical and left diaphragmatic lobes, 
and the diaphragm. Anaphylaxis is sug- 
gested as the immediate cause of death. 

Comparative Pathology Section, National Cancer 
Institute. 


Vol. 64, August, 1957 





PULMONARY HYDATID DISEASI 


REFERENCES 


1. Culbertson, J. 7 Immunity Against Animal 
Parasites. New York, Columbia University Press, 
1941, pp. 178-184 

2. Dew, H. R 
Diagnosis and Treatment, Sidney, Australia, The 
Australasian Medical 
1928, pp. 137-146 

3. Douglas, D. M Hydatid 
burg M. J. 55:78-91, 1948 

4. Fairley, K. D.: The Intradermal Test in 
Hydatid Disease, M. J]. Australia 1:472-483, 1929 

5. Godfrey, M. F.: Hydatid Clinical, 
Laboratory and Roentgenographic 
Arch. Int. Med. 60:783-804, 1937 


Treatise on 


Hydatid Disease: Its Pathology, 
Publishing Company, Ltd., 
Edin 


Disease, 


Disease 
Observations, 


Echinococcus 


6. Heller, E. B \ 
Disease: Incorporating Report of Second Case of 


the Disease to Be Revealed in the Ape, Cyno 
cephalus Procarius, Internat. Clin. 4:253-298, 1923 
7. Heller, E. P 
Incorporating Report of 
Monkey from Kansas City Zoo 
Missouri M. A. 24:93-95, 1927 
Kopeloff, L. M.; Zwemer, 
Blood Constituents Dur 


Monkey, ] 


Echinococcus Disease in Mis 

souri Second Case of 

the Disease in 

logical Park, |] 
8. Kinsell, L. W 

R. L., and Kooeloff, N 

ing Anaphylactic Shock inthe 


Immunol. 42:35-50, 1941 


RHESUS MONKEY 


Anaphy 
36 RS 


9. Kopeloff, L 
laxis in the Rhesus Monkey, | 
99, 1939 

10. Lambert, R. A.: Echinococcus 
Monkey, Proc. New York Path. Soc. 18:29, 1918 

11. Nicoll, W On Occurrence of Hydatid 
Cysts in Monkeys, Parasitology 10:288, 1918 

12. Phillips, E. W 
Review of the Recorded 
Arch 1324-1378, 

13. Ratcliffe, H. L 
of an Echinococcus Cyst of the Lung, Report of 
the Penrose Research Laboratory, Formerly Lab- 
oratory and Museum of Comparative Pathology 
of the Zoological Society of Philadelphia, 1942, p 


21 


M., and Kopeloff, N 


Immunol 


Cyst in a 


Hydatid Cysts of the Lung; 
North 
1930 


American Cases, 
Surg. 21 
Death Following Rupture 


Boreal 
5 :160, 


14. Rausch, R 
Arctic Inst 


Hydatid Disease in 


Regions, | North America 
1952 

15. Torrance, C. ¢ Hydatid Disease in Maca 
New York State 


Laboratories 


Case Report, 
Department of Health, Division of 
and Research, Annual Report, 1937, p, 34 
16. Urbain, P. A 
secondaire chez un 
France 5:138, 1932 


cus Rhesus: A 


Sur un cas d’échinococcose 


Bull Acad. vét 


magot, 





Hepatotoxic and Pharmacologic Properties of 


Heliotrine 


P. N. HARRIS, M.D.; C. L. ROSE, B.A., and K, K. CHEN, M.D., Indianapolis 


The alkaloid heliotrine was first isolated 
from Heliotropium lasiocarpum and char 
acterized by Menschikoff,’ in 
1932. Drummond, 
have 


chemically 
and Price * 
from H. 
It is structurally similar to alka 
derived plants of the genus 
For convenience, all alkaloids of 


Culvenor, 
recently isolated it euro- 
paeum.* 
loids from 
Senecio. 
this type, regardless of their origin, are 
spoken of as Senecio alkaloids. 

The Senecio alkaloids are unique because 
of their ability to produce anatomical lesions 
and to stimulate the nervous system. This 
capacity was first shown by Cushny,’ in 
1911, in a study of the alkaloids senecifo 
line and senecifolidine. Subsequent inves 
alkaloids by 
Davidson * and by several of us at The Lilly 
Research 


tigation of other Senecio 


Laboratories ®'® have revealed 
only one that does not cause liver necrosis. 
In 1950, Cook, Duffy, Schoental ' 


reported development of hepatic tumors in 


and 


3 of 10 rats following prolonged adminis 
tration of alkaloids derived from S. 
1954, Head, and 


Peacock "7 described a much more extensive 


jaco 
baea, and in Schoental, 
experiment involving production of hepatic 
tumors in rats with the pure alkaloids isati 
dine and retrorsine and with the mixed 
alkaloids from S. jacobaea. 

In 1953, Khanin'*® reported production 
of severe toxic hepatitis and cirrhosis in 
rats by administration of the seed of H. 
lasiocarpum in the diet or by subcutaneous 
injection of the alkaloid heliotrine. (The 
alkalowd abstract 


in Excerpta medica. ) 


is called heliotron in the 


Submitted for publication Feb. 28, 1957 
The Lilly 
Lilly and Company 

* Dr. J. R. Price supplied the crystalline helio 
trine used in this study 


From Research Laboratories, Fli 
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Material and Methods 


Solutions of heliotrine were prepared by dis- 
solving the crystals in an equimolecular amount 
of N/10 HCl and diluting with distilled water to 
the desired determination of 


the acute toxicity, single intravenous doses rang- 


concentration. For 
ing from 90 to 500 mg. per kilogram were given 
to fifty-two 15-20 gm. albino mice, and doses of 
200 to 300 mg. per kilogram to fifteen 56-112 gm 
albino rats that had fasted overnight. The animals 
were observed for one week following injection, 
and all these data 
the method of Bliss.” 
animals that died 


deaths were recorded. From 
the LDse was calculated by 
Tissues of were saved for mi- 
Some of the survivors were 


killed one or two weeks after injection, and their 


croscopic examination 


tissues also were studied 

Since hepatic necrosis was less extensive in mice, 
the effect of Some 
first 
and intraperitoneally later; in others all injections 
were intraperitoneal 100 to 
400 mg. per kilogram and were increased or de- 
creased if it 


repeated doses was studied 
mice received the alkaloid intravenously at 


Doses ranged from 


seemed advisable. On intermediate 
doses some mice survived as long as 16 days. A 
total of 67 mice were used in this portion of the 
study 

determine 
hamster would be 
like that of the rat or that of the mouse, but by 
the time this was undertaken our supply of the 
compound was so limited that it was possible to 
give it only to baby hamsters, and the LDsw could 
not be determined. One group, of six four-day-old 
hamsters, was given an intraperitoneal dose of 250 
mg. per kilogram, and a second group, of six eight- 
day-old hamsters, received doses of 200 mg. per 


It was also thought of interest to 


whether the reaction of the 


kilogram 

The effect of age (and possibly, incidentally, of 
diet also) upon susceptibility 
intraperitoneal injection of 250 mg. per 
kilogram was determined with 63 rats distributed 
among five groups. Their ages and weights ranged 
as follows: 12 days, 19-24 gm.; 20 days, 30-40 gm.; 
26 days, 45-70 gm.; 30 days, 80-100 gm; and 100 
days, 310-420 gm 


In still another group, of 15 rats, prothrombin 


to poisoning by a 
single 


times were determined by 
Mann.” 


the two-stage method 


of Hurn and The animals were divided 





HELIOTRIN! 


into groups of three, and the blood obtained by 


cardiac puncture from all members of 
was pooled 1 he 
served as a 

100 mg intra- 
peritoneally, and successive groups were bled after 


12, 24, and 30 


a group 
first group received no drug 


and control. The other rats were 


given per kilogram of heliotrine 
each of the following intervals: 6, 
hours 

The effects of heliotrine upon the isolated ileum 
and uterus of the rabbit and the guinea pig, and 
upon the blood pressure, findings on electrocardio- 
gram, and the respiratory rate of the dog and the 
cat were determined 


Results 

The LDse=S.FE 
venous administration of a single dose of 
heliotrine was determined to be 274.2+29.9 


mg. per kilogram 


for rats following intra- 


rhe corresponding figure 
for mice was 254.6+51.4 mg. per kilogram. 
An earlier determination had given a figure 
of 250.7+9.9 mg. per kilogram for mice, 
which was misprinted in the abstract as 
150.7+9.9 mg. per kilogram.*! 

A total of 93 rats were given heliotrine 
Fifteen 
of these were given a sublethal dose and 


intravenously or intraperitoneally. 


were used for prothrombin-time determina 
Their 
Of the remaining seventy-eight, ten were 


tions. viscera were not examined. 


discarded because death occurred immedi- 
ately after injection or because the rats 


Harris ct al 


were badly decomposed when found. Nine 
killed following 
injection: the livers of two were normal, 
the 


crotic cells, but it 


were one to two weeks 
contained no ne 
that 


had recently been necrosis, since liver cells 


and livers of seven 


was obvious there 
had disappeared from the central regions 
and had not been replaced. The livers of 
the remaining 59 rats all exhibited moderate 
to much central necrosis. Figure 1 depicts 
a typical lesion. There was usually hemor- 
rhage into the cords of necrotic cells. As 
a rule, leukocytic invasion of the necrotic 
tissue was minimal or absent, and it was 
never heavy. In addition to hepatic necro- 
sis, 39 rats had necrosis of thymic lympho- 
cytes; 19, hydrothorax, and 13, pulmonary 
edema. 

The 


ages following intraperitoneal injection of 


survival time of rats of different 


a single dose of 250 mg. per kilogram of 
Table. With in- 
creasing age up to 30 days the mean survival 


heliotrine is shown in the 


time in hours increased, but variability of 
Although 4 of the 
15 in this group lived longer than any in 


survival also increased. 


the younger groups, the proportion of early 
deaths was also high. Even greater vari- 
ability occurred in the 100-day-old group, 


and 6 of the 13 in the group had a shorter 


(es 


Lee 


Fig. 1.—Liver of rat 
that died 42 hours after 
a single intraperitoneal 
250 mg. per kilogram 
dose of heliotrine. In 
central 


the center is a 


vein surrounded by a 
broad necrotic and hem- 
orrhagic zone containing 
pyenotic nuclear frag- 
ments and a few still- 
recognizable liver cells 
Portal triads lie near the 
left lower and right up- 
per corners; reduced 1/5 
from mag. 165 





Effect of Age om Susceptibility of Rats to 
Possoning by Heliotrine.* 





Age of Rats, Days 
Dw % 30 100 





Survival Times, Hr. 
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Mean “4 54.56 70.1 . 85.5 


° 250 mg. per kilogram by single intraperitoneal injec- 
tion, 





survival than any in all other groups. More- 
over, had the rat with the exceptionally long 
survival of 456 hours not been used, the 
mean survival of the group would have been 
54.7 hours. 

In a dose of 100 mg. per kilogram the 
alkaloid had a striking but transitory effect 
The normal time 
was 26 seconds; 6 hours after administra- 


upon prothrombin time. 


tion of the compound it was 37 seconds; 
after 12 hours it was 43.5 seconds; after 
24 hours it had dropped to 32 seconds, and 
after 30 hours it had returned to 26 seconds. 


A. M. A, ARCHIVES OF PATHOLOGY 


Liver lesions in mice were less constant 
in distribution, and in general were less 
severe than in rats. Of the 119 mice given 
injections, 17 died immediately and were 
discarded, and 62 died subsequently, but 9 
had to be discarded because of postmortem 
changes; 40 survived. Seven of the sur- 
vivors were killed for microscopic study. 
Sixty livers were examined microscopically : 
ten appeared normal; five showed sinusoidal 
congestion only; five, fatty metamorphosis, 
and forty, slight to moderate necrosis. Nine 
of the forty showed much diffuse sinusoidal 
congestion, with necrosis of a few cells. In 
nine livers necrosis was subcapsular and 
extended down one or two cell layers only 
(all these mice had received intraperitoneal 
injections). In 12 livers necrosis was peri- 
portal; in another 12 it was central, and 
There 
was conspicuous sinusoidal congestion in 
four livers; in some foci it was extreme. 
Focal sinusoidal congestion has been seen 
following administration of some of the 


in 7 it was midzonal or inconstant. 


other Senecio alkaloids, and in some in- 
stances it has been so pronounced as to 
resemble superficially cavernous hemangi- 
$.5.10-12 Additional lesions produced by 
included thymic 


oma. 


heliotrine necrosis of 


Fig. 2.—Liver of mouse 
that died 44 hours after 
a single intraperitoneal 
350 mg. per kilogram 
dose of heliotrine. A 
portal triad occupies the 
center, Distention of si- 
nusoids is seen in several 
places, and near the left 
lower corner there is a 
focus of necrosis with 
some sinusoidal disten- 
tion; reduced 1/5 from 
mag. X 165. 
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Fig. 3.—Liver of 4 
day-old hamster that died 
20 hours after a single 
intraperitoneal 250 mg 
per kilogram 


heliotrine 


dose of 
There is a 
thin zone of viable cells 
about the central vein at 
the top and a broader 
one about the portal triad 
at the bottom. The in 
tervening liver cells have 
pycnotic, shrunken nuclei 
and pale cytoplasm; re 
duced 1/5 from mag. & 
165 


lymphocytes in 28 mice (11 also had necro- 
sis of splenic lymphocytes), hydrothorax 
in 10, pulmonary edema in 6, necrosis of 
some 


in 5, and 


An example 


tubules 
atrophy of the thymus in 3. 


renal convoluted 
of liver injury is shown in Figure 2. In 
several foci the sinusoids are greatly dis- 
tended, and there is a focus of necrosis. 
The 12 baby hamsters were found dead 
20 to 40 inoculation, and 3 
were badly autolyzed. In the livers of four 


hours after 
the only viable cells were periportal; in 
the other five necrosis was midzonal, but 
the rim of viable cells about central veins 
was narrower than that about portal spaces. 
There was no leukocytic infiltration, but 
hemorrhage into cords of necrotic cells was 
seen in most instances. Figure 3 depicts the 
Eight 


of the nine hamsters had slight pulmonary 


liver injury in one of the hamsters. 


edema, and two had necrosis of thymic and 


splenic lymphocytes. 

A dose of 5 mg. per kilogram of helio 
trine given intravenously 
thetized with 150 mg. per kilogram of 
phenobarbital sodium caused no change in 


to a dog anes- 


blood pressure, respiration, or the electro- 
cardiogram but did augment intestinal mo- 
tility. A dose of 10 mg. per kilogram given 


intravenously to a cat anesthetized with 


Harris et al 


ether caused a drop of mean arterial pres- 
sure from 158 to 142 mm. of Hg in 2 
minutes, but the pressure had returned to 
its original level within 12 minutes. There 
was no significant change in heart rate, 
respiration, or electrocardiogram. 

The isolated uterus of the rabbit was not 
affected by a concentration of 1:20,000 of 
the uterus of the 
guinea pig was unaffected by a 1:10,000 
concentration. 


heliotrine, and isolated 


Initial concentrations of 
1:10,000 relaxed the isolated leporine ileum 
without loss of amplitude of contractions, 
but repeated doses were less effective. A 
concentration of 1:10,000 caused slight re- 
laxation of the isolated cavian ileum, and 
dilution of 1:100,000 partially 
methacholine-induced spasm. 


released 


Comment 

Of the other 15 Senecio alkaloids we have 
studied, only one, isatidine, with an LDgo 
of 834 mg. per kilogram, is less toxic than 
heliotrine, other, monocrotaline, 
with an LDse of 261 mg. per kilogram, is 
of approximately the same toxicity. All 
others are appreciably more toxic, with the 
L.Dso’s ranging between 58 and 139 mg. per 
kilogram and only three exceeding 100 mg. 
per kilogram. 


and one 





That resistance of the rat to the toxicity 
of heliotrine increases rapidly during the 
first month of life seems reasonable, as does 
the 
however, 


increasing resistance; 
the 


many of the 100-day-old rats is puzzling. 


variability in 
increased susceptibility of 
that the livers of the 


rats used for determination of prothrombin 


It is unfortunate 


time were not examined histologically, but 
the dose of 100 mg. per kilogram was so 
much lower than the LDso of 254 mg. per 
kilogram that it seemed highly improbable 
that We 
had other 
Senecio 


been 
that 


monocrotaline, 


necrosis would have seen. 
found previously * six 


alkaloids, 


pterophine, retrorsine, sceleratine, senecio 


namely, 
nine, and spartioidine, caused prolongation 
some in- 
should 


be noted that the doses given approximated 


of prothrombin time, which in 


stances was extreme However, it 


or surpassed the LDso. The results obtained 
with heliotrine suggest that the dosage in 
our earlier experiments, with some alkaloids 
at least, may have been larger than neces 
sary to show the effect on prothrombin 
time. 

Because of the limited amount of most 
of the other Senecio alkaloids available to 
us we have given only a few of them to 
rats. In these instances we have not been 
impressed by any difference between mice 
and rats in the degree and uniformity of 
distribution of the resultant liver necrosis. 
In this respect, heliotrine stands out. 

The production of liver necrosis has been 
emphasized as a property of most Senecio 


alkaloids. 


also injure capillary endothelium, as evi- 


It should be observed that they 


denced by development of pulmonary edema 
and hydrothorax, but with less regularity. 
Production of necrosis of thymic lympho- 
cytes occurs often, but various other drugs 
and conditions also produce this effect. 


Summary 


The LDso of heliotrine was determined 
in mice and rats. In common with most 
Senecio alkaloids, heliotrine has the ability 


to produce necrosis of the liver in rats and 
* 
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mice. It can also cause necrosis of the 
hamster liver. 

The liver of the rat regularly developed 
a pronounced central necrosis, whereas the 
in the of the mouse was 
erratic and less intense. A sublethal dose 
produced transitory hypoprothrombinemia 


in rats. 


response liver 


It relaxed smooth muscle slightly 
and had a weak antispasmodic action. In 
the doses used, it had little effect upon blood 
pressure and no effect upon heart rate, res 
piration, and findings on electrocardiogram 
of the dog and cat. 

Dr. F. G., 
ments on blood pressure and respiration and took 
the electrocardiograms in cats and dogs following 
intravenous doses of heliotrine; Mr. C. E. Powell 
did the work on the isolated smooth-muscle organs, 


and Mr. R. D 


determinations 


Henderson performed the experi 


Fink performed the prothrombin 


The Lilly Research Laboratories, Eli Lilly and 
Company (6) 
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An Atypical Adamantinoma 


An Adamantinoma with Cells Resembling Granular-Cell M yoblastoma 


K. C. BASU MALLIK, M.D. (Cal), Ph.D. (Lond), Calcutta, india 


The chance observation of the presence 
of granular cells like those found in myo 
blastoma in an adamantinoma prompted us 
to investigate this rare but interesting com 
bination. Histochemical techniques were 
employed to ascertain the nature of these 
granules and the relation of these cells to 
those of granular-cell myoblastoma. I could 
find only one reference to similar combina 


tion in the available literature (Campbell). 


Report of a Case 


A Hindu man aged 36 years was admitted into 
Nilratan Sircar Medical College Hospital on Nov 
5, 1956, with the 
right lower jaw. He 


complaint of swelling in the 


first noticed a lump in con 
nection with the right lower jaw 10 years back, 
for which he consulted a local dentist who removed 
the first tooth 


molar rhe swelling retrogressed 


for the time being, but it recurred sometimes later 
before the admission 


For the last few months 


Submitted for publication Feb. 6, 1957 
From the Department of 
Sircar Medical College 


Pathology, Nilratan 


into the hospital the lump increased in size rather 
rapidly, for which complaint he attended this 
hospital. The growth was removed on Nov. 26, 
1956, by the surgeon, and the tissue was sent for 
biopsy 


Pathology 


It was fixed in formol and saline, and paraffin 
were cut and stained by hematoxylin 
and eosin and with various special stains, such as 
Schiff's with and without preliminary 
treatment with periedic acid, with P.A.S. stain 
after treating the section with human saliva for 
30 minutes to. detect the presence of glycogen, 
with Sudan black B for phospholipids (Pearse),* 
with toluidine blue for metachromasia, with Mil- 
reagent (Pearse),* and with 
Van Gieson’s stain. 

The hematoxylin and eosin preparation 
showed downgrowth of epithelium which 
was invading the subjacent tissue as 
rounded masses. The outer layer of these 
epithelial columns formed by tall 
columnar cells with slightly basophilic cyto- 
plasm and dark elongated nuclei, like the 


sections 


reagent 


lon’s for tyrosine 


was 


Fig. 1.—Low-power view 
of the tumor, showing the 
general appearance. It shows 
the typical structure of an 
adamantinoma, with two 
small foci of granular cells 
(one in the center and 
another at the lower right) 
Hematoxylin and eosin; 





ATYPICAL ADAMANTINOMA 


Fig. 2.—Another area of 


the tumor, showing the pre 
ponderance of the granular 
cells limited by an outer 
layer of ameloblasts. Hema- 
toxylin and eosin; 60 


ameloblast cells of the tooth-germ epithelium 
found in the outer layer of the adaman 
tinoma (Fig. 1). The inner groups of cells 
at some places showed the typical elongated 
appearance, like the stellate reticulum in an 
ordinary adamantinoma, but in the rest of 
the 
(Fig. 2). 


areas the picture was quite different 
Masses of 


polyhedral cells with granular eosinophilic 


large rounded or 


cytoplasm which bore a striking resemblance 


to that of the cells of granular-cell myo 
blastoma were present, being encircled by 


Basu Mallik 


the typical ameloblast cells (Fig. 3). Their 
nuclei were usually pushed to one side, 
forming crescentic appearance, though some 
of the cells had a central nucleus. At several 
places one could detect a gradual transition 
from the stellate reticulum to these granular 
cells (Fig. 4). Some areas of cystic de- 
generation were also noticeable. 

The studies dis- 


special histochemical 


closed the nature of these granules. They 


show a positive P. A. S. staining but did not 
take the Schiff’s stain when the preliminary 


Fig. 3.—High-power view 
of the granular cells. The 
granular appearance of the 
cytoplasm is well marked 
The nuclei are usually 
pushed to one side. Hema 
toxylin and eosin; * 450 





This 
suggests that the granules contain substances 
unsubstituted 1:2 
Che 
saliva could not prevent the cells from tak 


periodic acid treatment was omitted. 


with glycol groupings 


( Pearse ).* previous treatment with 
ing up P. A.S. stain, thus proving that the 
There 


was no metachromasia with toluidine blue. 


granules do not contain glycogen. 


The granules therefore are not composed of 
The Millon’s re- 
that 
these granules contain tyrosine, probably 


acid mucopolysaccharide 
action was positive, which indicates 
because they are composed of protein. With 
Sudan black B the cells took a pale bluish 
grey stain, which signifies that the granules 
include some phospholipid, probably some 
Phe 


composed of lipoprotein 


cerebroside granules therefore are 


Comment 


rhe histochemical study showed a marked 


tinctorial similarity between the granules 
of these cells and those of benign myoblas- 
toma, as described by Pearse * and Bangle,* 
and the malignant variety of similar disease, 
described under the name of “alveolar soft- 


Fisher. All of them 
agree that the granules are of the nature of 


part sarcoma” by 
lipoprotein, probably derived from the nerve- 
tissue disintegration. But this tinctorial re- 
semblance does not prove that the two types 
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Fig. 4-—The gradual 
transformation of the elon- 
gated reticulum into the 
granular cell is apparent in 
this area. Hematoxylin and 
eosin; < 450 


of cells are identical, because in the first 
instance the site of origin of the present 
tumor was far away from the muscle tissuc. 
Although Abrikossoff,* in his original de 
scription of the disease granular-cell myo- 
blastoma, favored the idea that these cells 
arise from the primitive myoblasts, similar 
tumors may arise from a site far removed 
from the muscle tissue, as, for example, in 
the cases described by Fust and Custer.’ 
In recent years the idea has been gaining 
that the cells of the 
myoblastoma bear no relation to the muscle 


ground so-called 
tissue but represent a collection of a special 
type of histiocytes loaded with an abnormal 
metabolite, probably derived from the myelin 


> Some would even 


sheath of nerve fibers." 
go so far as to suggest that myoblastoma 
is not a neoplastic condition at all but is a 
(Azzopardi).* If this 
view is accepted, then the cells of the present 


metabolic disorder 


case, which show definite signs of neoplasia, 


can not be considered identical with the 


cells of myoblastoma. The likeness of the 


cells of the those of 


granular-cell myoblastoma is probably for 


present tumor to 
tuitous. 

Custer and Fust? noticed the presence 
of granular cells in congenital epulis. Al- 
though they did not make any histochemical 
study of those granules, there is a mor- 
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phological semblance between the granular 
cells in congenital epulis and the cells of the 
present tumor. But in the case of congenital 
epulis the history dates from birth, and the 
disease occurs almost exclusively in females. 
The 


hamartoma.’ We can therefore exclude the 


disease is not a neoplasm, but is a 
possibility of the present case being one of 
congenital epulis 

In my opinion the present tumor is an 


unusual variant of adamantinoma rather 
than a curious combination of two unrelated 
lesions. The distribution of these cells (being 
restricted within the mass of the tumor) 
and the definite evidence of transition of the 
stellate reticulum into these granular ceils 
It is not unlikely that 
due to degenerative changes consequent upon 


of the 


adamantinoma 


support our view 


ulceration and infection tissue the 


reticular cells of the are 
transformed into these granular cells. We do 
not consider these cells to be phagocytic, as 
these are derived from the ectodermal layer, 
while the histiocytes arise from the mesen- 
chymal tissue. There was no evidence of 
migration of these cells from outside the 
tumor area. 

Certain points of similarity between the 
two cases reported by Campbell! and the 
pointed out. All 
these patients were middle-aged men, and 


The 


present case should be 


the lesions were on the lower jaw. 


history in each case was of several years’ 


duration. It is likely that the combination 
is not so rare as the present scanty literature 
would suggest. Perhaps many more cases 


will be reported in the future. 


Summary 


A case of an adamantinoma containing 
cells resembling those found in granular 


Basu Mallik 


cell myoblastoma is described. The granules 
of these cells gave a positive histochemical 
reaction for lipoprotein, as do the cells of 
myoblastoma. The condition is suggested 
to be an unusual variant of adamantinoma, 
the stellate 


transformed into these granular cells 


reticulum of which has been 


Principal A. K 
Medical 
hospital records and 


F.R.C.S., M.Ch., 


Dutta Gupta, of Nilratan Sirear 


College, gave permission for use of 


Prof A. K. Saha M.B., 


referred the case to me 


Department of Pathology, Nilratan Sircar Medi 
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Biological Studies of Dihydrocholesterol 


Il. Effect of Dehydrocholic Acid on Dihydrocholesterol-Induced Cholelithiasis 


in the Rabbit 


ERWIN H. MOSBACH, Ph.D., and MARGARET BEVANS, M.D., New York 


Introduction 


Previous studies have shown that rabbits 
receiving diets containing 0.25% to 1.0% 
dihydrocholesterol for one to six weeks 
consistently develop biliary concrements and 
inflammatory lesions of the biliary tract.’ 
The major components of the gallstones 
are bile salts having many of the properties 
of glycodeoxycholic and glycocholic acids, 
which are normal constituents of rabvit bile. 
In order to obtain information on some of 
the causative factors involved in experi 
mental cholelithiasis in the rabbit, studies 
were carried out to determine the effect of 
the simultaneous administration of 


(3,7,12-triketocholanic 


oral 
dehydrocholic acid 
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Taste 1.—Weight 


Average 
Weight of 
Animals, Kg 


Group Animal No. 


10 


of Gallstones 


Dietary Additions, Per Cent* 


Dihydrocholesterol 


acid, a strong hydrocholeretic agent) and 
dihydrocholesterol upon the development of 
the gallstones and the associated inflamma 
tory reaction. 


Methods 


Male chinchilla-type or albino rabbits, weighing 
19 to 2.9 kg., were maintained for three weeks 
om the different dietary indicated in 
Table 1. The animals were kept in individual cages 
and had access to water at all times. The basi 
diet was Purina rabbit-chow pellets to which olive 
oil U.S.P. had been added to a final 
concentration of 12% olive oil. When required, 
the food treated with dihydrocholesterol, 
dehydrocholic acid, or both before the addition 
of the oil exactly as described previously,’ except 
that acetone was used as the organic solvent instead 
of ether (ethyl ether). 


regimens 


obtain 


was 


No attempt was made to control the food in- 
take, and the animals in all experimental groups 
gained weight (50 to 400 gm.) during the three- 
week feeding period. At the end of this time the 
animals were killed by air embolism, and complete 
autopsies were performed. The severity of the 
cholelithiasis was estimated by weighing the biliary 
concretions and by histologic examination 

Aliquots of 


hydrolyzed 


muscle 
KOH and 


serum, liver, and were 


with alcoholic analyzed 


of Rabbits Fed Various Diets 


a aE Wet Weight of 
Dehydrocholie Acid Gallstones, Mg.t 
2454-75 t 
(80—340) § 
12040 
(2—170 
222-80 
150-330 
2424 
(0—12 








* Basal diet; Purina rabbit chow pellets plus 12% olive of] U.8.P. 


t Stones dried superficially by blotting. 
3 Average deviation 


4 Range 
# The gallbladder of only one animal contained a calculus; weight, 12 mg. 
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for total sterol by digitonin precipitation and for 
cholesterol by the Schoenheimer and 
Sperry.” The difference between the total sterol 
concentration and the cholesterol concentration was 


method of 


assumed to be due to the presence of the saturated 
The this 
isolation from the tissues 


sterol dihydrocholesterol.* presence of 
sterol was confirmed by 
and by means of tracer studies with dihydrocho- 
lesterol-4-C™*” 


Sections of liver, gallbladder, and extrahepatic 
ducts were fixed in formalin and Zenker’s solution. 
Paraffin 


prepared and stained routinely with hematoxylin 


sections of Zenker-fixed material were 


and eosin. Special stains were employed to eluci- 


date certain features when necessary Frozen 
sections of formalin-fixed tissues were cut at I5y 
and stained with oil red O 


Results 


The data summarized in Table 1 show 
that all animals receiving the basal diet plus 
dihydrocholesterol (Groups A and C) for 
three weeks developed gallstones. This find- 
ing was expected in the light of the pre 
The gallbladders of all 


animals of Groups A and C exhibited thick 


vious studies.’ 
ening and congestion of the wall. Little or 
no bile was present, apparently because the 
lumen of the gallbladder was largely filled 


with concrements. Stones were also visible 


* Pure dihydrocholesterol gives less than 1% of 


the color developed by cholesterol in the method 
of Schoenheimer and Sperry.’ 


Mosbach—Bevans 


BIOLOGICAL STUDIES 


in the intra- and extrahepatic bile ducts. 
Microscopically (Fig. 1) most of the in- 
creased thickness of the gallbladder wall and 
intra- and extrahepatic bile ducts was due 
to edema and fibrous tissue proliferation in 
both the lamina propria and the serosa. The 
folds of gallbladders were 
thickened and often adherent, thereby pro- 
ducing numerous Aschoff-Rokitansky sinus- 
oids, Many of the latter contained the 
outlines of concrements which corresponded 
to minute outpouchings visible grossly on 
the surfaces of the gallbladders. 
Jense cellular infiltration which was pre- 
dominantly lymphocytic and histiocytic ex 
tended throughout the wall. Small amounts 


mucosal the 


serosal 


of stainable lipid were present immediately 
beneath the mucosal cells and in the outer 
serosa. 

The animals of Group B (1% dihydro 
cholesterol plus 0.25% dehydrocholic acid) 
had considerably less cholelithiasis than the 
animals in Group A (1% dihydrocholes- 
terol), as indicated by a decrease in the 
average weight of the gallstones from 245 
mg. to 120 mg. In addition, the gallbladders 
of all animals in Group B contained fluid 
bile and had thinner, less congested walls. 
While some Aschoff-Rokitansky sinusoids 


persisted and the mucosal folds were flat 


Fig. 1.—Gallbladder of 
rabbit receiving 1% dihy 
drocholesterol plus basal 
diet for three weeks 
(Group A). The mucosal 
folds are thickened and 
adherent An Aschoff 
Rokitansky sinusoid con 
tains the pale outline of 
a concrement. Edema and 
fibrosis of the lamina 
propria and the serosa 
are apparent. A dense 
cellular infiltration of 
lymphocytes and histio 
cytes occurs throughout 
the wall. Hematoxylin 
and eosin; reduced % 
from mag. « 56 





Fig. 2.—Gallbladder oi 
rabbit fed 1% dihydro 
cholesterol and 0.25% 
dehydrocholic acid plu 
basic diet for three week 
(Group B), for compari 
son with Figure 1. The 
mucosal folds are flat 
tened, but the 
propria and the 
are normal 
lew 


lamina 
serosa 
There are a 
scattered lympho 
and histiocyte 
Hematoxylin 
reduced 


56 


cytes 


and eosin: 


iron MmaAg 


le ned, the 


the 
were normal (Fig. 2). Cellular infiltration 
was only slightly more marked than in the 
control The 


sudanophilic material was similar in amount 


lamina and 


propria serosa 


animals, Groups E and F. 
to that seen in the gallbladders of rabbits 


in Group A 


The maximal preventative effect of dehy 
drocholic 


acid on gallstone formation was 


obtained in the animals receiving 0.5% 
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dihydrocholesterol plus 0.25% dehydrocholic 


acid in their diet (Group D). Only one 


animal in this group had biliary concre 
ments, weighing only 12 mg., in contrast to 
the rabbits in Group C (0.5% dihydrocho 


lesterol), in all of which animals biliary 


calculi had been formed, ranging in weight 


from 150 to 320 mg. The gallbladders of 


all of the animals in Group D appeared 
grossly normal and contained liquid bile. 


Fig. 3.—Gallbladder of 
rabbit fed 0.5% dihydro 
cholesterol and basal diet 
for three weeks (Group 
C). The mucosal folds 
are flattened. The wall is 
edematous, and there is 
lymphocytic and histio 
cytic infiltration through 
out the wall. Hematoxylin 
and eosin; reduced % 
from mag. 155 
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Fig } Gallbladder Oo 
rabbit receiving 0.5% 
dihydrocholesterol and 
0.25% dehydrocholic acid 
plus basal diet (Group 
D), for comparison with 
Figure 3 The deep, 
slender mucosal folds, 
lacy lamina propria, and 
thin serosa are character 
istic of the normal gall 
bladder in a _ contracted 
state. The cellular infil 
tration is within normal 
lumits. Hematoxylin and 
eosin, reduced 4% from 
mag. >< 155 


On microscopic examination the rabbits fed 
0.5% diet 


(Group C) in general showed milder lesions 


dihydrocholesterol in their 
with respect to edema, fibrosis, and cellular 
infiltration than those receiving the higher 
concentration of dihydrocholesterol (Group 
A) (Fig. 3). Four of the six comparable 
animals receiving dehydrocholic acid in ad 
dition to 0.5% dihydrocholesterol (Group 
1D) had normal gallbladders, while the other 
two showed only minimal edema and cellu 
lar infiltration (Fig. 4) 

Table 2 


concentrations 


summarizes the sterol 


the 


average 


in serum, liver, and 
muscle of the experimental animals. It is 
apparent that dihydrocholesterol-fed rabbits 
can store considerable amounts of this sterol 
their The 


that tissue storage of dihydrocholesterol is 


m tissues. data further show 


TABLE 2 


Group Dietary Additions Serum 
Total 
Sterol, 


Mg./100 Ce 


Chole- 
sterol, 
Mz./100 Ce, 


DHC, 
%t 


Dehydro 
cholic 
Acid, % 


112 51 Ol 
iw 53 106 
124 76 4s 
a] 37 45 
71 #2 9 
45 42 3 


HC, 
Mg./100 Ce.t 


STUDIES 


enhanced by the addition of dehydrocholic 


acid to the dihydrocholesterol containing 
diets, so that in the animals of Group B 
{ 1.0% 


hydrocholic acid) more than 60% 


de 
of the 
of liver 


dihydrocholesterol plus 0.25% 


serum sterols and more than 50% 
and muscle sterols consisted of dihydrocho- 
lesterol. In these animals the average liver 
sterol concentration is more than three times 
that of the control animals (Groups F- and 
I), and this increase is due in part to an 
increased concentration of liver cholesterol. 
This of the 


during dihydrocholesterol 


rise liver cholesterol content 
administration 
cannot be ascribed entirely to the addition 
of dehydrocholic acid to the diet, since it 
has been observed whenever dihydrocho- 
lesterol is fed to rabbits for sufficiently long 


periods.® 


Average Tissue Sterol Concentrations of Rabbits When Killed * 


Liver Muscle 
Chole- 
sterol, 
Mgz./G. 


0.32 
0.34 
0.46 
OAl 
0.55 
0.53 


Total ‘ 
DHC, Sterol, 
Mg./G.t Mg./G 


Total Chole- 
Sterol, sterol, 


DHC, 
Mzg./G. Mg./G 


Mg./G.t 


3.07 
8.16 


2 0.83 
3. 
2.92 2. 
i 
2 
2 


5.03 
0.74 
/ 183 
2A 0.08 
v 0.26 


0.58 
0.76 
0.04 
0” 
0.65 
0.55 


0.6 
0.42 
0.18 
6.18 
0.10 
0.02 


3. 
2.10 
2.53 


* Serum sterol concentrations in milligrams per 100 m1.; liver and muscle sterol concentrations in milligrams per gram of wet weight. 
+ DHC indicates dihydrocholestero| 
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Comment 


The data show that dehydrocholic acid, 
a hydrocholeretic agent, is capable of reduc- 
ing the severity of the cholelithiasis and of 
the inflammatory lesions of the biliary tract 
of rabbits receiving 1% dihydrocholesterol 
in their diet. If the dihydrocholesterol con- 
tent of the diet is reduced to 0.5% dihydro- 
cholesterol, the irritation of the bile ducts 
amd gallbladder and the formation of calculi 
can be largely prevented by the simultaneous 
oral administration of 0.25% dehydrocholic 
acid. The greater accumulation of dihydro- 
cholesterol in the livers of the animals re- 
ceiving dehydrocholic acid shows that its 
inhibitory effect on gallstone formation is 
not due to decreased absorption of dietary 
dihydrocholesterol from the intestinal tract. 
the observation of 


This is consistent with 


Member, Bruger, and Oppenheim,’ who 
were unable to show that dehydrocholic acid 
has any marked effect upon the absorption 
of dietary cholesterol in rabbits, as evi 
denced by changes in the cholesterol content 
of the blood and aorta 

It seems likely that dehydrocholic acid 
exerts its effect by preventing bile stasis. 
fluid 
through the biliary tract may sweep out the 
still 
enough to pass through the bile ducts. In 


An increased volume of passing 


concrements while they are small 


addition, since the calculi found in the 
rabbit consist largely of bile salts, the for 
mation of a more dilute bile (by virtue of 
the hydrocholeretic action of dehydrocholic 
acid) may increase the rate of dissolution of 
the stones or prevent their precipitation 
altogether 

remains to be 


Another possibility con 


sidered, namely, that dehydrocholic acid may 


be capable of producing an increase of the 


pH of rabbit bile. 


Such an increase in the 


A, M. A. ARCHIVES OF PATHOLOGY 


alkalinity of the bile would favor the con- 
version of the slightly soluble free glyco- 
cholanic acids into the corresponding salts, 
which are considerably more water-soluble. 


Summary 


In the rabbit dihydrocholesterol-induced 
cholecystitis and cholelithiasis are inhibited 
by the oral administration of dehydrocholic 
acid. The extent of the inhibition is a 
function of the relative concentrations of 
dihydrocholesterol and dehydrocholic acid 
in the diet. Dehydrocholic acid does not 
prevent the absorption of dihydrocholesterol 
from the intestinal tract. Its effect may be 
related to prevention of bile stasis or to 
changes in the concentration or the pH of 
the bile. 

The dihydrocholesterol used in this study was 
supplied by the Schering Corporation. The dehy- 
drocholic acid was given by the Ames Co., Inc. 
F. Drimmer, E. Halpern, D. Harris, and R 
Kaplan provided technical assistance 
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Studies on Connective Tissue 


Il. Histochemical Differences in the Connective Tissue Polysaccharides of the 
Mature and Immature Human Umbilical Cord 


M. D. SCHOENBERG, Ph.D., and RICHARD D. MOORE, M.D., Rochester, N. Y. 


The location of the connective tissue poly- 
saccharides and the suggestions of an extra- 
cellular the synthesis of 
hyaluronic acid and/or chondroitin sulfate 
in the human umbilical cord has been re- 
ported.! 


completion of 


The intracellular synthesis of a 
heparin-like material by the mast cell has 
also been described.’ 

From the pH dependence of the meta- 
chromatic Wharton's jelly, the 
vein wall, and the major portion of the 
arterial walls of the umbilical cord appeared 
to contain hyaluronic acid. 


reaction, 


In contrast to 
this, the inner portion of the arterial walls 
showed with 


were 


metachromasy * consistent 


The 
metachromatic in the range expected for a 


chondroitin sulfate mast cells 
sulfated polysaccharide, probably heparin. 
The extracellular completion of synthesis 
of hyaluronic acid and/or chondroitin sul- 
fate in these sites was based on the gradual 
appearance of metachromasy with age and 
the demonstration by histochemical means 
of a potentially metachromatic substrate. 


This substrate was abundant in immature 
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*“Metachromasy in this paper is defined as the 
change in absorption of toluidine blue from its 
normal absorption in the red to that in the blue 
This is visually distinguished as a shift in color 
from blue to the red. All observations of meta- 
this paper were made in 


was supported in part by a grant 
the National Institute of Health, United 


Public Health Service. Grant number 


chromasy reported in 


aqueous media.” ’ 


umbilical cords and decreased with increas 
ing age, until little or none could be demon- 
strated in the mature cord. The gradual 
development of metachromatic mast cells 
with age was noted also. This study pre- 
an extracellular 
precursor of hyaluronic acid and/or chon- 


sents further evidence of 
droitin sulfate in the human umbilical cord. 


Methods 


Frozen sections of approximately 15a in 
thickness were prepared from formalin-fixed hu- 
man umbilical cords of 


6-week-old 


various age groups, from 
through The 
cords were graded as to age; otherwise no fur- 


fetuses term infants. 


ther selection was made 

Metachromatic staining was done over a pH 
range of 2.0-7.5 in 0.5 unit steps at ionic strengths 
of 0.0025, 0.01, and 0.1. Sulfation of the 
was by the method previously described.’ Enzy- 
digestion with testicular hyaluronidase 
(Nutritional Biochemicals Corporation) 
cording to the method of The sections 
were examined after hydration in the appropriate 


buffer 
Sections 


c rds 


matic 
was ac 
Pearse.* 


from each age group were stained 
with toluidine blue after the following procedures 
(1) dialysis for two hours at each pH and ionic 
strength; (2) sulfation followed by dialysis; (3) 
hyaluronidase followed by dialysis; (4) sulfation 
followed by hyaluronidase and dialysis; (5) hya 
luronidase followed by sulfation and dialysis; (6) 
a-amylase followed by dialysis, and (7) a-amylase 


followed by sulfation and dialysis 


Results 

The metachromatic staining properties of 
untreated sections of both the mature and 
immature cords at all ages were identical to 
those already reported.’ As shown in the 
previous report, treatment with hyaluroni- 
dase negated all reactions 
over the entire pH and ionic strength range, 


metachromatic 
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Sulfation of the 


metachromasy 


except for the mast cells. 


sections produced 


that 


again 


identical with described. 


The 


by sulfation 


previously 
procedures of hyaluronidase followed 
aml sulfation followed by 
the 
metachromatic staining properties dependent 


Some of 


hyaluronidase showed differences in 


on the age of the cords. these 


differences are reflected also as a function 
of pH and ionic strength in the several age 
groups. 

The Wharton's jelly of untreated sections 
of all 
seven-week group, stained metachromatical 
pH 4.0-7.5 


intense at 


cords, except those of the six- to 


ly from The metachromasy 


was more the lower ionic 


strengths. Treatment with hyaluronidase 


reversed the metachromasy. In the six 
seven-week group metachromasy frequently 
could not be demonstrated without sulfation. 
When it was absent prior to sulfation there 
was little or no basophilic staining present 
in the Wharton's jelly. After sulfation the 
metachromasy could be elicited in all cords, 
beginning at pH 2.0 and extending to pH 
7.5. While sulfation produced the metachro 
matic response in all age groups from pH 
2.0-4.0, the effect greatest in the 
younger cords and markedly diminished as 


was 


the age increased 

Hyaluronidase digestion prior to sulfa 
tion had no effect on the production of 
metachromasy in Wharton's jelly in the 


six-seven-week group. As the cord age in 


creased, however, this reaction progressively 


lessened the metachromatic staining above 
pH 4.0 but had little effect from pH 2.0 to 
4.0. The 


metachromasy when treated with hyaluron 


term cords showed little or no 


idase prior to sulfation. The reverse pro 
cedure, sulfation followed by hyaluronidase 
digestion, gave similar results. Here, again, 
the metachromasy produced by sulfation re 
mained constant, while that normally present 
before sulfation was destroyed by the 
hyaluronidase digestion 


The the 


arteries in untreated, sulfated, and hyalu- 


metachromatic properties of 


ronidase-treated sections were as previously 
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The 


throughout the vein wall and the outer one- 


described.' normal metachromasy 
half to two-thirds of the arterial wall was 
extended by sulfation to pH 2.0, as com- 
pared with pH 4.0 to 7.5 prior to sulfation. 
Here also, as with Wharton’s jelly, the 
effects diminished with age until they were 
absent or slight in the term cord, In those 
cords from five months to term there was 
normally an intense metachromatic reaction 
from pH 2.0-7.5 in the subendothelial re 
gion of the arterial walls. After sulfation, 
no enhancing effect was appreciated in this 
meta 
4.0-7.5 
without 
staining pH 
Sulfation both augmented meta- 


cords 
pH 


but 


area. In the more immature 


chromasy was present from 


the 
subendothelial 


throughout vessel walls, 


intense from 
2.0-7.5. 
chromasy and extended the pH range from 
2.0-7.5 in these immature cords. There was 
no evidence of increased concentration of 
metachromatic material in the subendothelial 
region of the arteries. 

As with Wharton's jelly, the metachro- 
masy produced in the vessel walls by sulfa- 
tion was not affected by hyaluronidase. 
This metachromasy, which resulted from 
sulfation, diminished as the intensity of the 
normal metachromatic reaction increased. 
In the term cord little or no metachromasy 
was present in the vessels after the combi- 
nations of hyaluronidase and sulfation, while 
showed an in- 
This 


was in contrast to the completely negative 


the more immature cords 


creased response as age diminished. 


results in all cords when hyaluronidase was 
used alone. 
The 


immature 


the mature and 
13 weeks to 
stained metachromatically over the entire 


mast cells in both 


cords from term 
pH-ionic strength range and were unaf- 


fected by the 


youngest cords mast cells were rarely iden- 


the procedures used. In 


tified in untreated sections. Sulfation dem- 
onstrated a number of metachromatic cells, 
which cytologically correspond to the mast 
cells of the more mature cords. Hyaluroni- 
dase digestion before or after sulfation had 
no effect on these cells. Amylase digestion 
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had no effect on metachromasy in any site 
before or after sulfation. 


Comment 
1 it 


metachro- 


In a previous communication was 
that the 
the human 


cord varies with age, and that different areas 


shown histochemically 
matic properties of umbilical 
have different anionic polysaccharides, The 
major polysaccharides are hyaluronic acid 
and chondroitin sulfate, except in the mast 
cells, where heparin is predominate. It was 
also suggested that part of the synthesis of 
hyaluronic acid and/or chondroitin sulfuric 
acid is an extracellular process, while that 
of the heparin-like material of the mast cell 
is an intracellular synthesis. 

From the present studies it is clear that 
there are large differences in the connective 
tissue anionic polysaccharides of the human 
the age 
The youngest cords have no, or very little, 


umbilical cord in various groups. 
metachromatic substance in Wharton’s jelly 


in the normal state. The appearance of a 
metachromatic polysaccharide in Wharton's 
jelly, probably hyaluronic acid, increases 
Sulfation of the 


youngest cords produces a marked meta 


with the age of the cord 


chromasy, beginning at pH 2.0 and per 


sisting through 7.5, which is more stable 
with increasing ionic strength than that of 
hyaluronic acid or chondroitin sulfate. 

In these cords this substrate, which be 
not 


The lack of sensitivity 


comes metachromatic by sulfation, is 
glycogen or lipid." 
to testicular hyaluronidase digestion makes 
it unlikely that this material is chondroitin 
sulfate C or hyaluronic acid. It would 
that this have 


available anionic groups of significant con 


appear substrate does not 
centration, since basophilia is absent in these 
sites. From its metachromatic behavior the 
sulfated material is probably not protein. 
to postulate that this 


be a long-chain carbohydrate or a 


It seems reasonabl 
may 
carbohydrate-protein moiety. 

It should be noted that in Wharton’s jelly 
the appearance of metachromasy and the 


decrease in the presumed ground-substance 
VM oor 


hoenbera 


precursor is roughly paralleled by the ap- 
pearance of mast cells as defined by their 
metachromatic properties. 

In speculating on the order of synthesis 
of hyaluronic acid in this region two the 
ories have been advanced. According to 
Grossfeld et al.,* the synthetic site resides 
in the fibroblasts. Asboe-Hanson,* on the 
other hand, suggests that the mast cell is 
the source of hyaluronic acid. Although it 
is not possible from these studies to sepa 
rate these variables, it seems likely that the 
high 
molecular weight precursor of hyaluronic 
that 


mast cell, or both, 


fibroblasts produce an incomplete 


acid and/or chondroitin sulfate and 
either the fibroblast or 
may play an important role in the formation 
of the final product. This does not preclude 
a final synthesis independent of these cells. 
In line with the suggested mechanism, the 
extracellular process would involve part of 
the carboxylation process, or, in the case 
of chondroitin sulfate, some role in sulfa 
tion. These proposals would also seem to 
apply to the venous wall and the outer por- 


tion of the arterial wall. 


The behavior of the subendothelial layer 


of the arterial walls must be interpreted 
somewhat differently from that of Whar- 
ton’s jelly. In untreated sections the sub 
endothelial regions of the arteries in cords 
up to five months are similar to the rest of 
the 


staining and response to sulfation, hyalu 


vessel walls in their metachromatic 
ronidase, and the combination of hyaluroni 
dase and sulfation. The presumed precursor 
appears similar, histochemically, to that of 
Wharton's jelly and the outer portions of 
the this age Also, 


the gradual accumulation or concentration 


vessel walls in group 
of metachromatic material in this region, 
which stains at pH 4.0-7.5, is not consistent 
with the behavior of a sulfated polysaccha 
ride, but more in keeping with that of 
hyaluronic acid. In these immature cords 
hyaluronidase digestion completely reverses 
the normal metachromasy, as it does in the 
Above 20 weeks, 


the metachromatic staining of the subendo 


five-month to term cords. 
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thelial region is consistent with chondroitin 
sulfate. At this little, 
augmentation of metachromasy occurs with 
sulfation. It that the 
cursor is no longer present. The final syn 


time no, or very 


would appear pre 
thesis of this material seems to be different 
that of 


mainder of vessel walls. The endothelial cells 


from Wharton's jelly and the re 


or subendothelial fibroblasts may be the ini 


tial synthetic site of this substrate. The mech 
anism of change to chondroitin sulfate can- 
The lack of mast cells in this 
area makes these cells unlikely as the syn- 
thetic site 


not be stated 


Summary 


T he 


hydrate precursor of hyaluronic acid and/or 


presence of an extracellular carbo 
chondroitin sulfuric acid is suggested from 
comparative histochemical studies of mature 
It is 
not sensitive to testicular hyaluronidase di 


and immature human umbilical cords. 
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gestion and may be converted to a meta- 


chromatic substrate by esterification with 


sulfuric acid. The distribution of this ma 


terial varies with cord age, being abundant 


in the most immature cords and almost 


absent in term cords. 
Institute of Pathology, Western Reserve Uni- 


versity, Cleveland 6. (Dr. Schoenberg.) 
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Histology of Lathyrus-Induced Exostoses of Rats 


The Initial Changes at Tendon-Bone Junction 


VERNON L. YEAGER, Ph.D., and CHRISTOPHER J. HAMRE, Ph.D., Grand Forks, N. Dak. 


The first report that lathyrism had been 
produced in the rat by feeding meal of the 
sweet pea, Lathyrus odoratus, was published 
in 1933 by Geiger, Steenbock, and Parsons. 
They described the symptoms of lathyrism 
in young rats as lameness, curvature of the 
spinal column and sternum, and malforma- 


' The observation 


tion of the long bones 
that deformity of the spinal column and the 
thoracic cage and exostoses on the long 
bones are produced in rats by diets contain 
ing meal of the sweet pea has been con- 
firmed by many workers.*"* 

Though many descriptions of the gross 
abnormalities of the skeleton have appeared 
in the literature on lathyrism in the rat, only 
a small number have described the histology 
of the deformed parts of the skeleton. Rob- 
inson and Bast described the histology of 
exostoses of the femur of rats fed a diet 
containing Lathyrus odoratus for 4, 7, and 
13 weeks as being similar to that of callus 
the 


exostoses were found to be composed of a 


repair of fractures. At four weeks 


mass of rapidly proliferating osteogenic 


tissue placed under the periosteum and of 
new bone placed on the cortex of the old 


bone.* Robinson extended and confirmed 


the observations of Robinson and Bast.* 


Those authors, because the osteogenic tissue 
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of Doctor of Philosophy 


and new bone were found at points of mus 
cle attachment to the old bone, suggested 
that the stimulus to formation of the osteo 
genic tissue and new bone was the pull of 
spastic muscles on the skeleton. 

Based on roentgenological studies, Lewis 
that the 
lathyric rats possessed a thickened cortex, 


and co-workers noted femur of 
subperiosteal calcification, and irregularities 
and infractions of the proximal extremity 
of the shaft. Histological studies were made 
of the vertebral column and of the long 
bones and muscles of the hind limb. They 
noted that new bone had been formed, that 
a sclerotic layer was present in the peri 
osteum, and that an abundance of fibrous 
connective tissue, which extended into the 
neighboring muscles, had also been formed 
the the 
Though not definitely stated, it 


about various bones of skeleton. 
appears 
likely that the animals on which the latter 
studies were made had been fed the lathyro 
genic diet for several weeks.® 

Ponseti and Baird described the histology 
of vertebrae and long bones of young rats 
fed a lathyrogenic dict for two weeks or 
longer and stated that the first change noted 
in the bones of the skeleton was osteoporo- 
sis. The epiphyseal plates of the developing 
bones appeared to be normal, and t'.e proc 
esses of endochondral ossification also ap 
peared to be normal. The periosteum of 
the bones was found to be thickened and 
richly vascular and was found to cover 
areas of new bone and a richly vascular 
mass of fibrous connective tissue.® In a 
later publication Ponseti and Shepard de 
scribed the histology of deformed vertebrae, 
sternum, and long bones of lathyric rats 


and noted that for those parts of the skele 
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ton the epiphyseal plates were abnormal. 


After two weeks of feeding of the lathyro 


genic diet the epiphyseal plates were found 
to be wider than normal and to possess an 
increased number of cartilage cells; the 
cartilage cells, to be arranged in clusters, 
and the clusters of cells, to be separated 
from each other by strips of metachromatic 
matrix. The authors noted that 


bone 


formation 
of new tendon 


insertion and suggested that new bone is 


occurred at sites of 
formed after and as a consequence of de 
tachment of the periosteum from the old 
bone by the pull of the muscle tendons.” 


A review of the literature on the deformi 
ties of the skeleton of lathyric rats shows 
that there is no agreement on the possible 
factors and morphological changes believed 
to serve as stimulants to new bone forma 
tion. The authors who have investigated 
the histology of the abnormal elements of 
the skeleton agree that in some manner the 
periosteum is involved in the formation of 


the deformities 


Tension exerted on the 


periosteum and bone by spastic muscles and 
the lifting and detachment of the periosteum 
from the bone by the muscles and tendons 


have been suggested as stimulants to new 


bone formation by the periosteum.?-4.5%1¢ 


Qn the basis of gross examinations only, 
other investigators have described the early 


lesions at the muscle 


attachment, where 


exostoses form, to be an enlargement of 
vascular foramina on the surface of the old 


bone. The enlarged foramina, by extension 


and excavation of the old bone, have been 


described as forming craters about whose 


margins osseous tissue is later deposited to 


form the 16 


exostoses Other investigators 
have suggested that abnormal development 
of epiphyseal cartilages contribute to the 
formation of abnormalities of bones of the 
skeleton.'” 

The histological studies of exostoses and 
skeleton of 


lathyric rats have been made on specimens 


other abnormalities of the 
obtained from animals fed the lathyrogenic 
diets for periods of two weeks or longer. 
Descriptions of the initial changes of the 


7? 
4 
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deformity-producing tissues are, therefore, 
not included in the literature on lathyrism. 
Further, young growing animals have been 
employed in almost all of the studies of 
lathyrism of the rat. 
observed in young growing lathyric rats 


Histological changes 


may, therefore, have been markedly com- 
plicated by coincident changes related to 
of the 
histological changes which initiate skeletal 


growth and development. Studies 
deformities could possibly supply informa- 
tion on factors and forces which stimulate 
new bone formation in lathyric rats, par- 
ticularly if those changes could be freed 
of histological changes related to other fac- 
The report 
presents the results of an investigation of 
the histology of exostoses of adult rats fed 
a lathyrogenic diet for 1 to 14 days. 


tors and processes. present 


Methods 


To eliminate as far as possible all gross and 
histological changes related to growth and develop- 
ment, as opposed to those produced by a lathyro 
adult this 


Sixty-three rats with 


genic diet, only rats were used in 


experiment female albino 
an average body 
of 176 to 288 gm 


To provide histological material representing the 


weight of 231 gm. and a range 


were examined in this study.* 


condition of bone and periosteum at the time of 
application of the Lathyrus factor, three of the 
animals were killed at the beginning of the experi- 


caged and fed a diet composed of equal parts of 


ment remaining 60 rats were separately 


meal of Purina laboratory chow and meal of the 


sweet pea, Lathyrus odoratus. The diet was fed 


ad libitum 


All animals were killed with ether, and the 


number of Lathyrus-fed animals killed each day 
from 1 to 14 days following initial feeding was 
three, five, five, six, five, six, five, five, five, five, 
five, three, one, and one, respectively. All animals 
were skinned and subjected to careful autopsy 
and the 


bodies, with appendages extended, were fixed and 


examination; the viscera were removed, 


preserved in a 10% formalin solution. The exosto 
sis located at the insertion of the pectineus and 
adductor longus muscles to the femur was selected 
adult 
rats fed a lathyrogenic diet showed that particular 


for study because preliminary studies of 


exostosis to appear first and develop most rapidly. 


To insure fixation of tissues needed for histo- 


* Obtained 


Madison, Wis 


from the Holtzman Rat Company, 
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logical study of that exostosis, after one hour in 
the formalin solution the pectineus and adductor 
longus muscles were exposed as completely as 
possible by removing all neighboring muscles of 
the thigh. The bodies were then submerged in the 
formalin for a minimum of five days 

After fixation, the left with 
femur and pectineus and adductor longus muscles 


innominate bone 
from the carcass of all 
10% 
for two to three days, and then washed in running 
\ block of 


cut from the decalcified posterior appendage by 


attached were removed 


animals, decalcified in formic acid solution 


tap water for three days tissue was 


transverse sections so placed as to include the 
distal half of the pectineus and adductor longus 
The 
femur and muscle was dehydrated, em 
7h to 10¢ 


the blocks were mounted serially 


muscles and the related part of the femur 
block of 

bedded in paraffin, and sectioned at 
All sections of 
hematoxylin and eosin or 
Snook’s modifica 


silver method for reticu 


and stained in Harris’ 


Masson's trichrome stain or in 
tion of the Bielschowsky 
lum and other connective tissues.” For reasons 
and by methods noted later, the incidence of mitotic 
division of fibroblasts of the developing pectineus 
adductor longus exostosis was determined for 
representative animals of the experiment 

After removal of the left innominate bone and 
posterior appendage from the body, the muscles 
of the remaining parts of the body were carefully 
removed and the entire skeleton of each specimen 
examined for exostoses or other abnormalities 
Information on the gross appearance, time of ap 
pearance, growth, and size of the exostosis formed 
at the 


longus 


insertion of the pectineus and adductor 


muscles to the femur was obtained by 


dissection of the intact right posterior appendage 
of each specimen 


Results 


The observations and results of this study 


of lathyrism in the rat, because of their 


differences in character, for clearness will 


be presented under the following subject 
(1) general 
? 


autopsy examinations, (2) structure of peri 


headings observations and 
osteum and manner of insertion of pectineus 
and adductor longus muscles of control ani 
mals, (3) femur of animals fed the lathyro 
genic diet, (4) periosteum of animals fed 
the lathyrogenic diet, and (5) muscles of 
animals fed the lathyrogenic diet. 

General Observations and Autopsy Ex 
aminations.—All animals of this experiment 
superficially appeared normal and healthy, 
and none of the animals fed the lathyrogenic 


Y eager—Hamre 


diet developed lameness, awkward gait, dis- 
tortions of the body, or other symptoms of 
lathyrism. Palpation of the living animals 
as a means of locating and identifying de- 
veloping exostoses yielded negative results 
to and including the sixth day of feeding 
of the lathyrogenic diet. Beginning on the 
seventh day for some and on the eighth day 
and all following days for all animals, an 
exostosis on the femur at the insertion of 
the pectineus and adductor longus muscles 
was readily located and identified for ani 
mals fed the lathyrogenic diet. Exostoses 
or other abnormalities of other parts of the 
skeleton could not be located by palpation 
for any animal of this experiment, 
Dissection of the preserved intact right 
posterior appendage of Lathyrus-fed ani 
mals showed that the exostosis on the inser 
tion of the pectineus and adductor longus 
muscles to the femur could first positively 
be identified for animals killed on the sixth 
day of feeding. At that time the exostosis 
was present in the form of a small swelling 
of glistening white Hemor 
rhage or other signs of injury to the peri 
osteum or bone were not shown by any of 


appearance, 


our specimens. The exostosis was larger 
for animals killed on the eighth day than for 
those killed on the seventh day, and further 


increase in size of that exostosis was shown 


by animals killed on each succeeding day of 


Fig. 1.—Right femur, pectineus muscle above, 
adductor longus muscle below, exostosis to left 
Animal fed sweet-pea diet 14 days 





feeding of the lathyrogenic diet. On the 
14th day the exostosis formed a prominent, 
swollen white mass occupying the tendon 
bone junction. Figure | is a photograph 
of the exostosis of an animal fed the lathy 
The 


found to measure 2 mm. in height, 6 mm 


rogenic diet for 14 days mass was 
from proximal to distal margins, and 3 mm. 
from anterior to posterior boundaries. 

The carcasses of all experimental animals 
were examined for signs of exostoses on 
bones of the skeleton other than the femur 
A moderate thickening of the deltoid ridge 
of the humerus, a slight thickening of the 
gluteal trochanter of the femur, and a 
roughening of the lambdoidal ridge of the 
skull were present on the skeletons of ani 
mals fed the lathyrogenic diet for 14 days. 
No other exostoses, indications of beginning 
exostosis formation, or other types of ab 
normality of the skeleton were found in the 
animals of this experiment. 

Autopsy examination of the visceral or 


gans showed them to be grossly normal, 
except for a few pinpoint abscesses of the 
lungs of a small number of animals. Marked 
enlargement of the pelvic and lumbar lymph 
nodes, particularly prominent for the latter, 
was present for all animals killed after the 
fourth day of feeding of the lathyrogenic 
diet 

Structure of Periosteum of Femur and 
Vanner of Insertion of Pectineus and Ad 
ductor Longus Muscles of Control Animals 

The pectineus muscle of the rat takes 
origin on the pubis from its pectineal proc 
ess and neighboring areas ventral to the 
acetabulum. The muscle extends laterally 
and inferiorly toward the femur and is com 
posed of short lateral and long medial fibers. 
The 


inserted on the posteromedial side on the 


short lateral fibers of the muscle are 
linea aspera of the femur on a line extend 
ing from the root of the lesser trochanter 
to a point slightly distal to the middle of 
the shaft. 


muscle course distally to become inserted 


The medial long fibers of this 


directly on the femur, that is, without ten 
don, at approximately the junction of the 
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middle and distal thirds of the shaft. Only 
the insertion of the long medial portion of 
the muscle, shown in Figure 1, participates 
in the formation of the pectineus-adductor 
longus exostosis 

The body of the adductor longus muscle 
of the rat lies posterior to the pectineus 
muscle and medial to the adductor magnus 
muscle. It takes origin on a long narrow 
strip near the ventral margin of the pubis. 
It is composed of long fibers only and dis- 
tally gradually narrows to form a thin flat 
tendon. The tendon is 2 to 3 mm. long and, 
as shown in Figure 1, is inserted on the 
femur adjacent to the insertion of the long 
fibers of the pectineus muscle. As a result, 
the long fibers of the pectineus muscle and 
the tendon of the adductor longus muscle 
are attached side by side to the femur in 
functional 
though not strictly a morphological common 


such a manner as to form a 

insertion for the muscles. 
Study of histological sections through the 

femur taken at the level of the insertion of 


the adductor longus and pectineus muscles 


shows the femur at that level to be approxi 


mately 2 mm. in diameter and to possess a 
cortex measuring approximately 0.4 mm. in 


thickness. The cortex of the femur is com 


Fig. 2.—Periosteum of femur at attachment of 
adductor longus muscle to left above, pectineus 


muscle to right above. Normal animal; X 70 
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posed of thin layers of circumferential 


lamellae separated at irregular intervals by 
Volkmann’s canals and Haversian canals 
surrounded by a narrow system of Haver- 
the 


side of the cortex which receives the inser- 


sian lamellae. As shown in Figure 2, 
tion of the muscles possesses an extra but 
incomplete layer of circumferential lamellae. 
The extra layer of bone is placed cap-like 
over the first complete layer of circumfer- 
The incomplete layer of 
the the 
muscles, 


ential lamellae. 


bone serves for attachment of 


pectineus and adductor longus 


connective tissue fibers, 


as is shown in Figure 2, 


since bundles of 
extend from the 
muscles through the periosteum to become 
embedded in the bone. 

the 


femur, which do not 


The periosteum of those areas of 
the 


attachment of 


circumference of 


receive strong muscles, is 


thin and is composed of an outer and 
an inner layer. Histologically the two layers 
of the periosteum of the femur of the rat 
conform in structure to descriptions of 
periosteum given in textbooks on histology. 
However, as is shown in Figure 2, the peri 
osteum is greatly thickened in the region 
of insertion of the pectineus and adductor 


longus muscles. The side of the thickened 


Fig. 3.—Cellular and fibrous elements of inner 
layer of periosteum at insertion of pectineus and 
adductor longus muscles. Norma! animal; x 750 


Hamre 


) eager 


Fig. 4.—Cellular and fibrous elements of inner 
layer of periosteum at insertion of pectineus and 
adductor longus muscles. Six days of sweet-pea 
diet; 750 


periosteum which receives the insertion of 
the adductor longus muscle gradually nar 
rows and extends some distance along the 
circumference of the bone before continuing 
into the thin general periosteum. The oppo 
site, or anterior, side of the thickened peri 
osteum, which receives insertion of the 
pectineus, narrows abruptly and extends 
only a short distance along the surface of 
the bone. Figure 2 shows that the thicken 
ing of the periosteum at the insertion of the 
two muscles is produced by an increase of 
both 


inner layer. 


cellular and fibrous elements of its 
Figure 3 shows the character 
and arrangement of the cellular and fibrous 
elements of the inner layer of this portion 
of the periosteum. The outer layer of the 
thickened periosteum is relatively thin and 
distally is continuous with and similar in 
structure to the outer layer of the general 
periosteum. Proximally the outer layer of 
the thickened periosteum is reflected onto 
the tendon of the adductor longus or onto 
It is 
important to note that it is the thickened 


the surface of the pectineus muscle, 


portion of the periosteum serving for in- 


sertion of the two muscles which responds 


175 





Fig. 5.—Periosteum, showing differentiation of 
fibrous connective tissues into pre-osseous (A) 
and pre-marrow (8) tissues. Seven days of sweet 
pea diet; & 80 


to Lathyrus stimulation by the formation of 
an e€xostosis 

Femur of Animals 
Diet 
including those fed the lathyrogenic diet for 


Fed Lathyrogenic 
For all animals of this experiment, 


14 days, the cortex of the femur, as shown 
in Figure 5, was found to be grossly and 
histologically unchanged and to be normal 
That the femur did not con 
the 
adductor longus exostosis is shown in Fig 


in appearance 


tribute osseous tissue to pectineus 


ure 9, where a distinct cementing line is 
seen to separate the old cortical bone from 
the new bone of the exostosis. Since the 
cortical or old bone did not participate in 
the formation of the exostosis of any of the 
fed the diet, 


descriptions of the are not required 


animals lathyrogeni further 
femur 
except to emphasize that osteoporosis or 
femur 


Osteo 


infractions were not in the 


at the 


present 
site of exostosis formation. 
porosis, infractions, or other abnormalities 
of the femur can, therefore, not be consid 
ered the cause of exostosis formation by this 
part of the skeleton 

Periosteum of Animals Fed Lathyrogenic 
Diet. 


autopsy the periosteum of all the animals 


It was pointed out above that at 
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of this experiment was found to be intact, 
with no sign of detachment from the bone. 
This observation was confirmed by study of 
serial histological sections through the femur 
and the insertion of the pectineus and ad- 
ductor longus muscles. In instances where 
single sections showed the periosteum to be 
separated from the cortex of the femur, 
neighboring sections with the periosteum 
intact and in place showed the periosteal 
separation to be an artifact produced by 
mechanical during sectioning. 
Our material does not support the sugges- 
tion that detachment of the periosteum by 
muscle pull precedes and initiates exostosis 
formation. 


separation 


Hemorrhages, edema, or other 
signs of injury were not present in the 
sections of the femur, periosteum, or mus- 
cles of any of our animals. 

Though the periosteum of areas of the 
femur which did not receive direct attach 
ment of muscles remained thin and normal 
in structure after feeding of a lathyrogenic 
diet, the thickened portion of the periosteum 
at the insertion of the adductor longus and 
pectineus muscles was found to increase in 
size and to produce the pectineus-adductor 
longus exostosis. The outer layer of the 
periosteum was found to remain thin and 
essentially normal for all animals regardless 
of the number of days they had been fed 
the lathyrogenic diet. In strong contrast, 
as shown in Figure 5, the inner layer of the 
periosteum was found to undergo increase 
in size and to undergo morphological 
changes involved in the origin and differen 
Our material shows 
that in lathyrism in the rat exostosis for 
mation is a limited to the 
portion of 


tiation of the exostosis. 
response inner 
layer of that the periosteum 
which serves for insertion of the pectineus 
and adductor longus muscles. 

It was noted early in this study that on 
the basis of the histological changes of the 
inner layer of the periosteum and on the 
basis of the time of appearance and dura- 
tion of the various histological processes, 
exostosis formation could be divided into 
two stages or periods. The first, or initial, 
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stage was characterized by the rapid pro- 
liferation of the of the 
inner layer and a moderate increase in size 
of the thickened area of the periosteum 
The first 
stage may be called the proliferative stage, 
and the activities of that stage resulted in 
the formation of a tumor-like mass at the 
insertion of the two muscles. This stage was 


cellular elements 


serving for muscle attachment. 


found to extend through the first six or 
seven days of feeding of the lathyrogenic 
diet. The second stage of exostosis forma- 
tion was found to be characterized by the 
origin and differentiation of osseous tissue 
within the tumor mass. The second stage 
can be cailed the stage of osteogenesis. It 
was found to begin on the 7th or 8th day 
and to continue to and including the 14th 
day of feeding of the lathyrogenic diet, that 
is, to continue to the end of the present 
experiment. 

That cell proliferation represents one of 
the first responses of the inner layer of the 
thickened periosteum to Lathyrus feeding 
is shown by the presence of increased num 
bers of fibroblasts, many of them in some 
stage of division by mitosis. The degree of 
cellularity of this layer of the periosteum 
of an animal fed the sweet-pea diet for six 
days is shown in Figure 4 (compare with 
Fig. 3 of a control animal). The fibroblasts 

found to be 
exhibit 


produced by division were 


shorter and broader, to increased 
basophilia of the cytoplasm, and to possess 
nuclei of greater size than was true for the 
fibroblasts of this portion of the periosteum 


The 


intercellular spaces were also found to have 


of normal animals materials of the 
been changed by the lathyrogenic diet. The 
spaces were occ upied by bundles of collag 
enous fibers which were shorter, narrower, 
and more than the 


irregularly arranged 


fibrous materials of the intercellular spaces 
of the periosteum of control animals. Our 
histological preparations show that Lathyrus 
stimulation causes the inner layer of the 
the 


pectineus and adductor longus muscles to 


periosteum located at the insertion of 


become a more cellular and a less highly 
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organized fibroma-like mass of tissue which 
resembles a fibrosarcoma. 

The tumor formed at the insertion of the 
adductor longus and pectineus muscles grew 
rapidly during the first few days of feeding 
of the sweet-pea diet and, as was pointed 
out above, by the sixth or seventh day could 
be recognized grossly as a soft, white mass 
located at the tendon-bone junction. Exam- 
ination of sections of the tumor at that stage 
of development shows that the greater part 
had been formed from the segment of the 
periosteum related to the tendon of the 
adductor longus muscle. Only a small part 
of the tumor appears to have been formed 
from the portion of the periosteum related 
to the pectineus muscle. Since the pectineus 
muscle is inserted without tendon directly 
into the periosteum by fine scattered connec 
tive-tissue fibers, while the adductor longus 
muscle gains insertion into the bone tissue 
by means of a tendon whose fiber bundles 
pass through the periosteum, it may be sug 
gested that the manner of insertion of mus 
cles may determine the nature and extent 
of response of the periosteum to stimulation 
by Lathyrus agents. However, it must be 
pointed out that the vastus medialis muscle 
lies on the pectineus muscle and by exerting 
pressure on that and its insertion 
could force the tumor to grow toward the 


muscle 


adductor muscle. 

The earliest indication of the beginning 
of the second, or osteogenic, stage of exosto 
sis formation is the beginning of histological 
reorganization of the tissues of the more 
peripheral regions of the periosteal tumor 
Figure 5, a photograph of the periphery of 
the hypertrophied periosteum of an animal 


fed the lathyrogenic diet for seven days, 


shows that the tissues have been separated 
into two histologically different areas. Areas 
of one type are highly cellular, contain blood 
vessels of 


various sizes, and are poor in 


Other areas 
are acellular broad spaces which lack blood 


fibrous intercellular material. 
vessels, are moderately rich in bundles of 
collagenous tissue, are rich in ground sub 
stance, and exhibit a clear, hyaline and 
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lightly stained appearance. Areas of the 
latter type have been formed by widening 
of intercellular spaces, and, since the areas 
branch and anastomose, they form an exten- 
sive network within the tumor mass. 

The cellular areas and the network and 
single trabeculae of intercellular fibrous con 
nective tissue which appear within the tumor 
mass are the elements from which the mar 
row and osseous tissues of the pectineus- 
adductor longus exostosis are formed. 
Osteogenesis involving these areas is accom- 
the method, 

descriptions of all of the 


changes of osteogenesis observed in our 


plished by intramembranous 


and detailed 
material will not be required. However, 
some features of importance will be noted. 

The various stages by which the cellular 
areas of the tumor mass are segregated and 
undergo differentiation into young marrow 
tissue can be found in histological sections 
from animals killed on the eighth and fol- 
lowing days of feeding of the sweet-pea 
diet. The cells at the periphery of the 
masses, since they border on the pre-osseous 
tissue, as shown in Figure 6, become trans- 


Fig. 6.—Pre-marrow tissue in developing exosto- 
sis. Eight days of sweet-pea diet; < 600. 


Fig Immature bone and marrow of exosto- 
sis. Eight days of sweet-pea diet; > 250. 


formed into an endosteum of large darkly 
stained osteoblasts and small connective- 
tissue cells which possess lightly stained 
cytoplasm and darkly stained nuclei. The 
blood vessels, which are placed at or near 
the center of the cell masses, are small in 
size and are surrounded by small cells which 
possess darkly stained nuclei and lightly 
stained cytoplasm. The cells placed between 
the blood vessels and the developing en- 
dosteum may possess vacuoles or may be 
stellate in shape. Silver-stained preparations 
show that reticular fibers are present in the 
marrow areas of the exostosis of animals 
fed the lathyrogenic diet for 10 or more 
days. Though described by other authors 
as being present in the marrow of fully 
differentiated exostoses of lathyric rats, as 
shown in Figure 8, hematopoietic tissue had 
not appeared in the developing marrow of 
the pectineus-adductor longus exostosis of 
any of the animals of our study. 

Che pre-osseous fibrous connective-tissue 
network and trabeculae, when first separated 
from the cellular elements of the hyper- 


trophied periosteum, lack lacunae and osteo- 


cytes and present the appearance of a prim- 


itive osteoid tissue. From the time of its 


origin, the primitive osteoid tissue is covered 
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Fig. 8—Immature bone and marrow of exosto- 
sis. Thirteen days of sweet-pea diet; 250 


by the primitive endosteum of the neigh 
boring cellular areas. As noted above, the 
endosteum contains osteoblasts, and growth 
of the the 


shown in Figure 7 is by addition of fibrous 


osteoid tissue to reach stage 


tissue and osteocytes at its surfaces. Fur 
ther growth and calcification under osteo 
blastic activity transforms the osteoid tissue 
immature bone shown in 


into an type of 


Figure 8. The bone produced is nonlamellar 
and possesses large and irregularly rounded 
lacunae. The lacunae contain large osteo 
cytes which possess a large vesicular nucleus 
darkly 


This was the condition of 


and abundant stained cytoplasm 
the bone of the 
exostosis of animals fed the lathyrogenic 
diet for 12 to 14 days, 


spicules of 


though a few small 
did 


and small lacunae on 


areas of immature bone 
lamellae 
The 
spicules with narrow lamellae indicate that 
the 


show narrow 


their surfaces presence of bone 


formation of an intermediate type of 
bone had begun for animals fed the sweet 
pea diet for 12 to 14 days. The pectineus 


adductor longus exostosis of none of the 


animals of our experiment showed areas of 


reconstruction or remodeling processes of 


osteogenesis. 
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the 


pectineus-adductor longus exostosis of our 


Examination of sections through 
series of animals shows that, though pre- 


marrow and pre-osseous tissue areas are 
first formed near the periphery of the hy 
pertrophied periosteum, the tissues at the 
surface of this area of the periosteum do 
not participate directly in osteogenesis but 
The 
outer layer of the new periosteum is typical 
the 
layer retains the characteristics of the hyper- 
The fibroblasts of the 


new 


form a periosteum for the new bone 


and normal in appearance, but inner 


trophied periosteum 
the 
short, broad, and darkly stained. 


inner layer of periosteum are 
Like the 
fibroblasts of the hypertrophied periosteum, 
many of the fibroblasts of the inner layer 
were found to be in mitosis. The new peri- 
osteum also was found to undergo hyper- 
trophy and thereby to produce additional 
tissues for an extension of osteogenesis. 
Growth of the exostosis is, therefore, de- 
pendent on the proliferative and osteogenetic 
activities of the new periosteum. 

It was noted above that for animals fed 
the sweet-pea diet the tissues involved in 
the early stages of formation of an exostosis 
possessed greater than normal numbers of 
fibroblasts and also an incidence 
of division for those cells. Multiplication of 


increased 


the fibroblasts by mitotic division appeared 
to us to represent an important initial re 
sponse of the periosteal connective tissue to 
stimulation by the active agent of the sweet 
pea diet. It appeared important, therefore, 
that we obtain specific information on the 
following: the distribution of dividing fibro 
blasts in the different parts of the peri 
the the 
division of fibroblasts for animals fed the 


lathyrogenic diet for different periods of 


osteum of femur, incidence of 


time, and the time from beginning feeding 
of the diet until the increased rate of divi 
sion of the fibroblasts appeared. 

An examination of serial histological sec 
tions through the femur and the insertions 
of the pectineus and adductor longus mus 
cles for all of the animals of this experiment 
showed clearly that dividing fibroblasts were 
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numerous for that portion of the periosteum 
which received the insertion of those mus 
cles and rare for remaining parts of the 
periosteum. Dividing fibroblasts were rare 
also for the outer layer but numerous for 
the the The 


determination of the incidence of division 


inner layer of periosteum. 
of the fibroblasts for the periosteum after 
various periods ot feeding of the lathyro 
diet was, that 
the the 
junction of the pectineus and adductor mus 


gen therefore, limited to 


portion of periosteum located at 


cles with the femur 
Serial 


junction of the 


histological sections through the 


pectineus and adductor 
longus muscles with the femur were pre 
pared for all animals of this experiment, 
but the number of sections for each animal 
was so great that counts of dividing cells 
were made for a small number of repre 
sentative animals of the experiment. Counts 
were made for animals of this experiment 
three rats each 


for 1, 2, 3, 4, 6, 8, and 10 days of feeding 


as follows: three control rats; 


of the lathyrogenic diet, and two rats fed 


the diet for 12 days. The dividing fibro 


blasts were counted for selected sections for 


each animal, and the sections for counting 


Fig. 9.—Silver-impregnated section, showing new 
hone above separated by cementing line from old 
bone of cortex of femur below. Twelve days of 
sweet-pea diet; 600 
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Fig. 10.—Graph showing change in number of 
mitotic figures per square millimeter and change 
in area of cross sections of exostosis. Zero to 
twelve days of sweet-pea diet 


were selected by first finding the section 
the junction 
the That 


passed through the middle of the muscle- 


through muscle-bone which 


showed greatest area. section 
bone junction, and the dividing cells were 


counted for it and every second section 
following it to make a total of 18 sections. 
The total area of tissue examined for mi 
toses was determined for each animal and 
the number of mitoses recorded as number 
per square millimeter of tissue. To permit 
comparison of numbers of dividing cells 
found for selected days of the experiment, 
the for all 
particular day has been recorded in Figure 


10 


average number animals for a 


libroblasts in various stages of mitosis 


were found to be present in that portion of 


the periosteum which served for insertion 


of the pectineus and adductor longus mus 
cles of all our Lathyrus-fed animals and 
also for our control animals. However, a 


greater number of dividing fibroblasts was 
found for animals fed the sweet-pea diet 
for only one day than was found for our 


control animals 


The number of dividing 
cells was found to increase for all following 
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days of feeding to and including the sixth 
day. Following the sixth day the number 
of mitoses decreased, but for no animal fed 
the lathyrogenic diet did the number fall 
below the number characteristic of control 
animals. The occurrence of an initial pro 
liferative stage of exostosis formation is, 
therefore, demonstrated by enumeration of 
mitoses as well as by a general histological 
examination of the tissues involved in that 


process. 


Though the incidence of cell division is 
lower for the second or osteogenic stage 
than for the initial proliferative stage of 


exostosis formation, 


continuation of pro 
liferative activity into the osteogenic stage 
is indicated, as shown in Figure 10, by the 
incidence of cell division being greater for 
that than for 


Examination of 


stage control animals. 


histological sections of 
exostoses in the osteogenic stage of develop 
ment shows that practically no dividing cells 
occur in the areas of 


the exostosis where 


bone is being formed. However, the periph 
eral portions of the thickened periosteum, 
being placed on the surface of the new bone, 
becomes a new Numerous di 
the inner 


layer of the new periosteum, and the new 


periosteum. 
viding fibroblasts are found in 
periosteum, therefore, continues in the in 
itial proliferative stage of exostosis forma 
tion. New pre-marrow and new pre-osseous 
the 
Growth of 


tissues are thereby added on surface 


of the 


the exostosis is, 


first osseous elements. 
therefore, dependent on 
continued proliferative activity and addi 
tion of new tissues in the inner layer of 


the periosteum 
Certain histological changes observed in 
the developing exostoses bear fairly definite 
relation to size and 
Those 
pointed out by 


rate of growth of the 


exostoses. 


relationships will be 


referring to Figure 10 


Since histological cross sections present 


surface areas in to the 


the object they represent, the area of cross 


proportion size oft 


sections may be employed in making com 


parison of the size of one structure with 


another. Also, when areas of cross sections 
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represent growing structures, cross section 
areas for succeeding days of observation 
will in a general way indicate whether 


change in size is rapid or slow, that is, 


indicate rate of growth. The average cross 
section areas shown in Figure 10 are pre 
sented with the purpose of graphically indi 
cating the rate of growth of the exostoses 
for the first 12 days of feeding of a lathyro 
genic diet. The cross section areas shown 
are for sections through the middle of the 
developing exostosis or for thickened peri 
osteum of controi animals which were em 
ployed in the enumeration of mitoses, The 
cross section area shown for any one day 
is the for all killed 


on that particular day. 


average area animals 

Figure 10 shows that for the first few 
days following initial feeding of the lathyro- 
genic diet increase in size of the exostosis- 
but that 
beginning on the eighth day growth of the 
mass is rapid 


producing tissue mass is slow 
Studies of the histological 
sections show, as was pointed out above, 
that for the first few days following initial 
feeding, cell proliferation and reorganiza- 
tion of intercellular tissues are the only 
processes that can be recognized. Growth 
in size during this period appears to be 
fibroblasts 
Studies of 
the histological sections also show that be 


due to increase in number of 


and intercellular fibrous tissues. 


ginning on the seventh and eighth days of 
feeding, segregation of the connective tis 
sues into pre-osseous and pre-marrow areas 
of osteogenesis is initiated. The initial pro 
liferative stage and the second osteogenic 
stage of exostosis formation coincide with 
the initial period of slow growth and the 
later period of rapid growth, respectively 

One feature of exostosis formation at the 
insertion of the adductor longus and pectin 
eus muscles determines the shape and 
appearance of the exostosis in dried speci 
mens of the skeleton. Our histological 
preparations show clearly that new bone is 
deposited chiefly at the periphery of the 
proliferating tumor mass, and, except for a 


thin layer placed on the cortex of the femur, 
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no bone is deposited in the central portions 
of the mass. The osseous elements of the 
exostosis, therefore, come to form a crater 
like structure whose base rests on the cortex 
of the femur and whose cavity is directed 
outward, that is, toward the muscles. 
Muscles of Rats Fed Lathyrogenic Diet 
Che 


the adductor longus and pectineus muscles 


serial histological sections through 
show those muscles for the greater number 
of animals fed the lathyrogenic diet to be 
unchanged and normal in structure. Edema 
of such minor proportions as to make its 
presence questionable may have been ex 
hibited by the 
our Lathyrus-fed animals 


leukocytes, 


muscles of a few of 
Infiltration of 
heterophil lymphocytes, and 
histiocytes, without preponderance of any 
one cell type, occurred in small numbers 
in the muscles of a very small number of 


diet An 


single degenerating muscle fiber was found 


the animals fed the occasional 
for eight animals killed on the seventh or 
some later day of feeding of the lathyro 
genic diet. The degenerating muscle cells 
did not exhibit cross or longitudinal stria 
tions, and 


some of them possessed sarco 


plasm vacuoles or 


for animals which exhibited neither edema, 


containing phagocytic 


Since exostosis formation occurred 


cellular infiltration, nor degenerating muscle 
cells, 


changes and not causes of exostosis forma 


those changes appear to be coincident 


thon 


Comment 


Because the present investigation of 


lathyrism im the rat has eliminated secon 


dary complicating responses to experimental 


procedures and, as weil, other naturally 


occurring changes not related to the experi 


mental procedures, the observations and 


results of this experiment bear directly on 


problems related to exostosis formation in 


that disease. By employing adult animals, 


complicating developmental and growth 
changes have been eliminated from the ex 
periment. By concentrating the study on 
a single exostosis which is not bordered by 


neighboring areas that also respond to the 
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experimental procedures employed, inter- 
pretation of observations and results of the 
experiment has been simplified. By con- 
centrating the study on initial and early 
stages of exostosis production, interpreta- 
tion of the results of the experiment has 
been further simplified by the elimination 
of late changes of reorganization or deger- 
eration which often accompany pathological 
The 


changes observed in our lathyric animals 


processes. gross and microscopic 
can be considered direct responses to the 
administration of the sweet-pea meal. 

The present investigation of lathyrism 
of the rat has demonstrated that for adult 
animals the first exostosis, and as well the 
first recognizable abnormality of the skele 
ton of any type, to appear after the begin 
ning Of feeding of the lathyrogenic diet is 
the pectineus-adductor longus exostosis. It 
can be located by palpation of the living 
animal and is grossly visible at autopsy 
examination as early as the seventh day of 
feeding of the sweet-pea diet. Microscopic 
changes related to its origin, among them 
regression of the fibroblasts and rapid pro- 
liferation of those cells, can be recognized 
as early as the end of the first day of feed- 
ing of the diet. Response to stimulation by 
the lathyrogenic diet is not delayed but 
rather practically immediate. The very early 
diet that the 
lathyrogenic agent is readily absorbed from 


response to the indicates 


the digestive tract and rapidly transported 
to tissues responsive to its stimulation. This 
indicates that studies to determine the nature 


of the primary response of tissues to the 


lathyrism-producing agent of sweet peas 


must be made during the first few days 


after beginning the feeding of the experi 
mental diet, before the primary response 
has established abnormalities which in turn 
may cause secondary complicating changes 
to appear. Gross and microscopic studies 


of our material indicate that recognizable 
secondary changes had not appeared for any 
of the animals of our experiment. 

The observations and results of our ex- 


periment do not support suggestions made 
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by other authors that changes of the bones 
of the skeleton, such as infraction, osteo- 


porosis, or changes of the vascular canals, 


are early responses to lathyrogenic stimu- 
lation and are related to, or cause, formation 
of exostoses. Our studies show that exos- 


toses take origin, grow and differentiate, 


and become established in the absence of 
changes of the related bones of the skeleton. 
The cortex of the femur of all animals of 
our experiment continued unchanged. Fur- 
ther, the old bone did not contribute osseous 
tissues to the exostosis, and exostosis for- 


the old 


bone and is independent of the old bone. 


mation, therefore, occurs outside 
Our studies indicate that the tissues of the 
bones of the skeleton do not respond to 
initial or early stimulation by the lathyro- 
This suggest that the 
late changes observed by other authors to 
the 


exostoses are secondary to and occur as the 


genic agent. may 


occur in bones of skeleton related to 
result of the presence of the exostoses. 


The 


strated that the particular exostosis studied, 


present investigation has demon- 
the pectineus-adductor longus exostosis, is 


formed within and from elements of the 
periosteum. That the exostosis is a product 
solely of the periosteum is demonstrated by 
the histological changes which occur within 
its inner layer, a rapid proliferation of the 
that 
layer into a primitive connective tissue from 


the 


fibroblasts and a transformation of 
which 


the 


marrow and osseous tissues of 


exostosis are formed by processes of 
intramembranous osteogenesis. The period 
of proliferation for our animals was found 
to extend through the first seven or eight 
days and osteogenesis to begin on the sev 
enth or eighth day of feeding of the sweet- 


diet. We 


exostosis formation by the inner layer as 


pea have, therefore, described 


being accomplished by an initial prolifera 


tive and an  osteogenetic 
fibroblasts 


transformation of the inner layer of the 


stage stage. 


Further, proliferation of and 
periosteum ceases at onset of osteogenesis 
only in those areas of the thickened peri 


osteum in which bone is being produced. 
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Proliferation of fibroblasts continues in re- 
maining parts of the thickened periosteum 
and thereby produces tissues for growth 
and extension of the exostosis. The exosto- 
sis, therefore, not only takes origin through 
activities of the periosteum but is dependent 
on the periosteum for growth. The exosto 
sis remains within the periosteum through- 
out its history. 
The fact that 
following administration of the lathyrogenic 


within a few hours 
diet the periosteum responds in the manner 
described in this paper suggests that the 
periosteum is highly sensitive to stimulation 
by the lathyrogenic agent of the sweet-pea 
diet. Since the only changes to be found 
are those described for the periosteum, it 
that the the 
periosteum are the primary responses to 


appears to us responses of 


Lathyrus stimulation. Because changes of 
the old bone do not occur and because there 
are no evidences of injury to the periosteum, 
the present authors suggest that the lathyro 
genic agent stimulates and acts directly on 
the elements of the inner layer of the 
The of the 
elements is dedifferentiation and multiplica- 


periosteum. response cellular 
tion which, together with changes of the 
the 


elements, produce a primitive tissue pos- 


character and arrangement of fibrous 
sessing high potentiality for osteogenesis. 

Though the skeletal muscles related by 
attachment and insertion to the segment of 
the periosteum involved in exostosis pro 
duction remained unchanged, they in some 
manner influenced the response of the peri 
osteum to stimulation by the lathyrogenic 
agents of the sweet pea. Only those portions 
of the periosteum which provide attachment 
for the muscles responded to stimulation by 
Other seg- 


ments of the periosteum failed to respond 


proliferation and osteogenesis, 


to stimulation. Though our experiment does 
not provide direct evidence that for exosto- 
sis formation to occur muscle tension and 
stimulation by the lathyrogenic agent must 
operate on the periosteum simultaneously, 
the suggestion by other authors that muscle 
pull is a factor in exostosis production does 
appear to be a logical one, 
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We 
longus 


have observed pectineus-adductor 


exostoses after many weeks of 
growth and in most instances have found 
the exostosis to be composed of relatively 
small deposits of osseous tissue and very 
large masses of fibrous connective tissues 
of the type described for the proliferative 
stage of 
fibrous 


exostosis formation. Since the 


connective-tissue contain 
many dividing fibroblasts, they resemble a 
Because of the 


metastasis to other organs and the relative 


masses 


fibrosarcoma. absence of 
absence of invasiveness, we first identified 
the exostosis-producing tissues as a fibroma 
of the ossifying variety. However, because 
continued growth is dependent on continued 
ingestion of the stimulating agent and be 
cause the have the appearance of 
an overgrowth of the type encountered in 


tissues 


healing of fractures, the connective tissue 
response to lathyrogenic stimulation may, 
perhaps, more properly be called a fibro- 
plasia., 


Summary 


Sixty-three adult rats, three controls, and 
sixty fed a 50% diet of 
meal 


sweet-pea 
(Lathyrus odoratus ) were used in 
this study of the initial processes of exosto 
sis formation in lathyrism of the rat. The 
experimental animals were killed after vari 
ous periods of 1 to 14 days of feeding of 
the diet 

The only exostosis and only abnormality 
of the skeleton to appear and develop rap 
idly during the period of this study was 
located at the femur of 


the pectineus and adductor longus muscles. 


insertion to the 
The muscles and the cortex of the femur 
remained unchanged and did not contribute 
to the The 
exostosis was formed by the tissues of the 


formation of the exostosis. 


inner layer of the segment of the peri- 
osteum which served for the attachment of 
the muscles. Proliferation of the fibroblasts 
and change in character and arrangement 


of the fibrous elements of the inner layer, 


which began after one day and continued to 
the sixth or seventh day of feeding of the 


diet, produced a tumorous mass of fibrous 
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connective tissue from which the exostosis 
was formed. Marrow and osseous tissues 
were formed from the mass of fibrous con- 
intramembranous osteo- 
genesis beginning on the seventh or eighth 
day of feeding of the diet. Tissues of parts 
of the fibrous connective 
transformed to marrow 

continued 


nective tissue by 


tissue mass not 
or osseous tissue 
proliferation to provide’ for 
growth and extension of the exostosis. 

Initial exostosis formation has an early 
proliferative period which terminates after 
seven or eight days, when the second, or 
osteogenic, period begins. The tissues from 
which the exostosis is produced pathologi- 
cally resemble a fibrosarcoma or ossifying 
fibroma but may, perhaps, more properly 
be considered an overgrowth, or fibroplasia, 
of the periosteum. 

Department of Anatomy, University of North 
Dakota School of Medicine (Dr. Hamre) 
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Malignant Melanoma in an Albino 


Report of a Case 


7. ELLIOTT YOUNG, M.D., Washington, D. C. 


Malignant melanoma is more common in 
darker- 
skinned, It is believed that the blond person 


light-skinned than in 


persons 
with pale skin has the highest incidence 
of malignant melanoma and also seems to 
have low resistance to it. Pack suggests that 
all pigmented moles in blondes be removed 
as a prophylactic measure.' 

It is interesting in view of this predilec 
tion for the light-skinned person that no 
case of malignant melanoma has been re 
ported in an albino 

This would seem to be the first recorded 
of malignant melanoma in an albino 


case 


Report of Case 
Clinical Course 


4)-year-old housewife. She 
July, 


“mole” on the calf of 


The patient was a 


was an albino. In 1953, she noted that a 
her leg began to increase 
m size and commenced to bleed. Biopsy of the 
lesion at another hospital showed it to be malignant 
(Fig. 1). She was referred to the New England 
Deaconess 

Admitted 


history was noncontributory 


Hospital for therapy 
Aug. 14, 1953. Past 
Her father died of 


cancer of the bowel, and her aunt died of cancer, 


to hospital on 


site unknown 

Examination revealed a crusted biopsy site on 
the right leg with no induration or redness 
Several small. (1X1 cm.) firm lymph nodes were 
Slight en 


glands bi 


palpable in the right inguinal region 


largement of the anterior cervical 
was noted 
1953, 


skin graft and 


laterally 
On Aug. 15, a reexcision of the biopsy 
site with a radical right inguinal 


dissection were done. The pathological diagnosis 


was malignant melanoma of the skin, with metas 
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tasis to 1 of 2 and 3). 
Postoperative course was uneventful, and she was 
29, 1953 


Second admission to the New England Deacon- 


15 lymph nodes (Figs 


discharged on Aug 


ess Hospital was on June 7, 1955, because of severe 
frontal headaches and marked irritability 

Physical examination revealed a nervous irritable 
woman. There no evidence of local 


was recur- 


rence. There were nystagmus laterally to the right 
and left, slight blurring of the disc margins, and 
slight hyperactivity of the biceps reflex and knee 


jerk on the right 


Laboratory Data 


Initial spinal fluid pressure, 180; final pressure, 
90. It was xanthochromic and clear, with 3 white 
blood cells and 3 red blood cells. Results of Papa- 
nicolaou smear were negative 
100 cec.; 


Urinalysis, hematologic data, and blood 


Total protein was 
118 mg. per globulin, 3+-; Hinton test, 
negative 
chemistries were within normal limits. Findings on 
x-ray of chest and skull were negative 

The that 
metastatic disease in the brain and that therapy 


She 


impression was there was probably 
should be 
June 20, 


She returned to the hospital the following day 


symptomatic was discharged on 


1955 
for the third, and final, admission. Her condition 


was unchanged. She was confused and unman- 
ageable 

On June 29, 1955, a small subcutaneous nodule 
in the left 
thought to be metastatic melanoma 


Her 
but without localizing neurologic signs 


upper abdomen was noted. This was 


course was one of gradual deterioration, 

On June 29, 1955, her temperature began to rise 
and was at 102 F for the remainder of her time 
in the hospital. On July 3, 1955, she became coma- 
tose, with irregular respirations. There were ab- 


sent Babinski reflex, ankle and knee jerks, and 
Biceps reflex was present and 


Neck was 


abdominal reflexes 
active. Pupils were dilated and fixed 
stiff 


She remained 


somewhat 


nonresponsive, with irregular 


respirations, and died July 4, 1955, at 2:50 p. m 
Autopsy Findings 


External Description: The body is that of a 


well-developed and well-nourished albino Caucasian 








Fig 


Original biopsy 


Hematoxylin and eosin: 


Fig 


? 


Second operation at original site 


toxylin and eosin; x 500 


specimen, showing junctional activity 
125 


and nests of nevus cells 


This demonstrates junctional activity. Hema- 





Fig. 3 


and 2 invading lymph node 


woman of average body build. Body length is 169 


em., and estimated body weight is 68 kg. There 


is no jaundice or edema. There is a defect 5.0 


em. in diameter on the inner aspect of the calf 
This has 
defect. Ap 


this is 


of the right leg, being 2.0 em. in depth 


the appearance of an old surgical 


proximately 2.0 em. superior to another 


old healed surgical incision, measuring 2.0 em. in 


greatest diameter. In the right inguinal region 


there is a 20 cm. healed incision extending down 


onto the thigh. There are no recent surgical inci 


sions. There is no palpable lymphadenopathy 


normal, There are no gross 
the body 


left quadrant there is a small palpable nodule 2.0 


he breasts appear 


deformities of In the skin of the upper 
cm. in greatest diameter. This does not seem to be 
attached to the underlying tissue. The hair on the 


head is white, although it turns slightly yellow 


in the distal half. The hair elsewhere on the body 
is of normal female distribution and is completely 
Ihe irides are without color, and the eyes 
reflex rhe 
female 
Weight, 


fluid is slightly 


white 


have a red genitalia are those of a 
normal 
1270 em. The 


yellow in color but is clear 


train cerebrospinal 


The 


left cerebral hemisphere appears swollen and 


slightly larger than the opposite side. On cut 


surface a large focus of tumor ts found lying 


188 


A. ARCHIVES OF PATHOLOGY 


Lymph node removed at second operation, showing tumor similar to Figures 1 
Hematoxylin and eosin; * 150 


beneath the corpus callosum in the left temporal 
lobe. This is surrounded by an area of hemorrhage 
which extends to the posterior tip of the occipital 
lobe. It has broken into the left lateral ventricle. 
There is another small focus of pale granular 
material 0.7 cm. in greatest diameter lying in the 
putamen of the left hemisphere. The 
remainder of the basal ganglia, brain stem, cere- 
Pituitary lies 
in the sella turcica and is of normal shape, size, 


cerebral 
bellum, and cord appear negative 
and appearance 


Neck Organs 
lationship to the 


The thyroid has its normal re- 


trachea and appears grossly 


normal. Two parathyroids are seen and appear 
unremarkable 

cavity 
The 
shining and 


Heart Weight, 220 gm. Pericardial 


contains approximately 25 cc. of clear fluid 
pericardium and epicardium are 
smooth. The myocardium is homogeneous brown- 
red, and no lesions are seen. The endocardium is 
The valve leaflets are thin 


thin and translucent 


and flexible throughout. They appear functional 
The coronary arteries arise from the normal loca- 
The 


seen 


tion in the sinus of Valsalva arteries are 


thin-walled, and no lesions are Measure- 


ments are as follows: tricuspid valve, 12.0 cm.; 


pulmonary valve, 9.0 em.; mitral valve, 9.0 cm.; 
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aortic valve, 6.0 cm.; left ventricle, 1.2 cm.; right 
ventricle, 0.3 cm 

Right, 260 gm.; left, 240 gm 
collapse well and are 


Lungs oth lungs 


crepitant to palpation; no 
lesions can be palpated. The tracheobronchial tree 
contains a small amount of frothy material, but no 


obstructions can be seen. One lymph node in the 


level of the right main-stem bronchus is enlarged, 
firm, 


smooth, white on the cut 


surface, and 


measures 4 cm. in greatest diameter 
Weight, 1640 gm. The 


position and has a normal 


Liver liver lies in its 


normal gross archi 


tecture. The capsule is shining and smooth. On 
the cut surface normal hepatic architecture is seen 
No lesions can be seen 


postmortem clot. 


Portal vein contains only 


Adrenals: Right, 7 gm.; Joth ad 


appear 


left, 8 gm 


renals lie in their normal position and 


grossly normal. On the cut surface they have the 
normal yellow-brown cortex, with a small amount 
of gray medulla 

Kidneys Both 


kidneys lie in their normal position and have nor- 


Right, 150 gm.; left, 150 gm 


mal gross architecture. The capsule strips easily, 
to reveal a smooth-surfaced parenchyma. On the 
cut surface there is good corticomedullary differen 
tiation. The 
remarkable 


renal pelvis and calyces are un 
The 
shape, measuring 8 cm. in its 
Both 


greatest 


Genitalia uterus is of normal size and 


greatest diameter 


ovaries are present, measuring 3 cm. in 


diameter, having a pale yellow slightly 


surface. On the cut surface no lesions 


Both 


no lesions can be seen 


nodular 


are seen Fallopian tubes are present, and 


Microscopic Examination 


The most important microscopic finding 
is the occurrence of foci of tumor cells in 
the cerebrum, the hilar and axillary lymph 
nodes, and the kidney. In all locations the 


tumor is identical. It consists of large 
polygonal cells growing in sheets without 
the 


are multinucleate; the nuclei vary markedly 


recognizable structure. Some of cells 
in size and shape and are hyperchromatic. 
Some giant nuclei are seen. Mitotic figures 
are frequent. There is extensive necrosis. 
No pigment production is seen, and silver 
stain and dopa reaction are negative. 

In the kidney the focus of cells is quite 
small and surrounded by lymphocytes with 
some fibrosis. In the cerebral cortex the 
tumor cells are lying in an area of massive 


hemorrhage. The adjacent brain tissue re- 


Young 


veals edema, slight hemorrhage, and peri 
vascuiar infiltrate. The putamen reveals a 


focus of malignant cells but this is not 
associated with hemorrhage. 

The thyroid reveals an area of irregular 
gland formation with the glands being ex 
Nuclei 


are irregular and hyperchromatic. There is 


cessively elongated and distorted. 


invasion of the capsule and surrounding 
thyroid tissue. the skin 
reveal complete absence of pigment. 


Silver stains of 


Pathologic Diagnosis 


The pathologic diagnosis was as follows 
(1) malignant melanoma metastatic to cere 
bral cortex, hilar and axillary lymph nodes, 
kidney, and skin of abdomen; (2) hemor 
(3) 
adenocarcinoma of thyroid; (4) albinism 


rhage into metastasis in cerebrum; 


Comment 


It is of considerable interest that malig 
nant melanoma is far more frequent in 
light-skinned races than in those with dark 
skins. In the United States it is many times 
more common in the Caucasian than in the 
Negro. When it does occur in the Negro 
it is frequently 


foot 


in a nonpigmented area, 
such as the This is also true of the 
the incidence 
would seem to be higher than in the Amer 
ican Negro.'* 


African Negro, although 


No case of malignant melanoma has been 
reported in an albino. In a series of cases 
of cancer of the skin in the African Negro 
it was noted that, although albinism is not 
uncommon, malignant melanoma has never 
been seen in an albino. Albino Negroes, if 
not protected from the sun, invariably die 
of carcinoma of the skin.4 


Since there is increasing frequency of 


melanoma with decreasing skin pigmenta 
tion, it would seem logical to conclude that 
it would have its highest incidence in the 
albino. Such does not seem to be the case. 

Malignant melanoma is thought to arise 
from the melanin-producing cells of the 
body. In the epidermis these have been 
called by many names, Masson referred to 


189 





them as cellules claires, and Becker prefers 
the name melanodendrocyte.® 

these cells 
depends on the demonstration of their ability 


The definite identification of 
to produce melanin. This is usually done by 
the use of silver staining techniques. How 
ever, these cells that produce the melanin 
pigment of the skin do not store it, and it 
is found in the basal cells of the epidermis. 
The silver stain cannot differentiate between 
melanodendrocytes which produce melanin 
and basal cells that store it 


sie: / 

Tyrosine — 
> (Slow) \ ( Fast) 

(Initially slow but 
markedly accelerated 
by small amounts of dopa) 

It has long been known that these cells 
have an enzyme capable of oxidizing dopa 


Fig. 4 1, 


granules in 


Negro skin 


basal 


Fontana silver 


layer of epidermis 
a malignant melanoma. ( 


This is a 


albino skin; 
specimen 


“ee . 
~-< Dopa ———_———> _ (Intermediates) 


stain; >< 450 
(melanin) 
smaller amounts of melanin in basal layers and diffused through epidermis 
Fontana 
from the patient here reported 


A. M. A. ARCHIVES OF PATHOLOG) 


Other cells in 
the body are also dopa-positive.’ Recent 


(dihydroxyphenylalanine ). 


studies have revealed that the melanoden- 
drocytes contain an enzyme, tyrosinase. This 
is specific for melanin-producing cells. 
Tyrosine is acted upon by tyrosinase and 
converted to melanin.* Dopa is an inter- 
mediate product further acted upon by oxi- 
dizing enzymes. 

It is thought that the tyrosinase reaction 
is inhibited by sulfhydryl groups in the epi- 


dermis, possibly by uniting with copper, 


_ - Tyrosinase 
/ 


—> Melanin 





which is required for the reaction. Ultra 


violet radiant energy probably acts to de 


), Note large amount of argentophil 
B, Caucasian skin; Fontana stain. Note 
This patient had 


stain. Note complete absence of pigment 
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the concentration of sulfhydryl 


groups, thus allowing the reaction to pro- 


crease 


ceed. 
skin it 
might be thought that there are no melano- 


In completely nonpigmented 
dendrocytes and therefore the albinos do 
not develop malignant melanoma because of 
the absence of these cells. However, studies 
of nonpigmented skin by gold-impregnation 
techniques have revealed that in cases of 
and albinism 


vitiligo melanodendrocytes 


> Dopa and 


are present in normal numbers.* 
tyrosinase reactions are negative. This sug 
gests the nonpigmentation is due to a patho 
physiologic defect in pigment production 
(Fig. 4). 

Most pathologists make the diagnosis of 
without recourse to 


malignant melanoma 


special staining techniques. It is only in 


amelanotic lesions without characteristic 


architecture, such as in a metastasis, that 
special stains are required for the identifi 
cation of the tumor 

If in the case of an albino a tumor were 
to arise from these cells which are physio 
logically unable to produce pigment, it 
would be anatomically identical with mela 
noma. Due to the defect in pigment produc- 
tion, the usual dopa and tyrosinase reaction 
would however, be 


not, positive, and the 


diagnosis would rest in the characteristic 
pattern of the growth. 
Such a 


reactions on 


case is here 


the 


reported, Dopa 


metastatic lesions were 
negative. The primary lesion was available 
for examination, and it revealed the char- 
acteristic junctional activity and malignant 
neval cells of a melanoma. 


Summary 
A case of melanoma in an 


albino is reported 


malignant 
This is thought to be 


Young 


the first recorded such The 


for this rarity is not known, 


case. reason 


Problems of diagnosis and the nonappli- 


cability of special staining techniques are 
discussed. 


Department of Pathology, Georgetown Univer- 


sity School of Medicine (7) 
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Immediate or Delayed Nephritis in Rats Produced 
by Duck Anti-Rat-Kidney Sera 


MARGO W. HASSON, M.5.; MARGARET BEVANS, M.D., and BEATRICE C. SEEGAL, M.D., New York 


It has been reported that specific kidney 
antisera obtained from rabbits, when injected 
into dogs or rats cause the immediate onset 
of nephritis.’* In contrast, specific kidney 
antisera obtained from chickens or ducks, 
when injected into rabbits, dogs, or rats 
produce a delayed nephritis, apparent after a 
latent period of several days.*® Various 
experiments have been carried out in an 
attempt to explain the reason for the latent 


period which follows the injection of fowl 


nephrotoxic serum.*® Hasson and Seegal 
reported on two pools of duck anti-rat-kid 
ney sera, one of which produced immediate 
nephritis in the rat, whereas the other in 


duced a delayed nephritis. Evidence is pre 


sented here that duck anti-rat-kidney sera of 


high potency induce immediate renal damage 
in the the 
sera produce a nephritis characterized by the 


rat; smaller volumes of same 


latent period previously described by others 


Methods 


|. Preparation of Kidney Antigen 
be used for 


Kidneys to 


immunization were removed asepti 


cally from Sprague-Dawley or Long-Evans rats 
0.85% 


in a COs re 


following with sterile 
NaCl 


frigerator and used as needed 


perfusion in situ 


They were stored at 6&8 C 
The renal antigens 
were prepared for injection into ducks in one of 
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two ways. One preparation was composed of 10% 
or 20% kidney homogenized in 0.85% saline in a 
Blendor. The second antigen contained 


kidney in adjuvant prepared according to Freund's 


Waring 


technique.” 


IT. Immunization and Bleeding of Ducks.—Four 
groups of ducks were immunized with rat kidney. 
The three animals of Group I and the eight animals 
of Group III were scheduled to receive 5 ml. of 
the 20% rat kidney suspension intraperitoneally 
three times a week for three weeks. One to three 
injections were omitted in the ducks of Group I 
weight, but the animals of 
full course. After a 
immunization was re- 


because of loss in 


Group III received their 


month's rest the course of 
peated two times with the members of Group I, 
while the animals of Group III had a second com- 
plete course followed by a month's rest and were 
In the second and 


third series of immunizations the majority of in- 


remmunized for one week only 


jections contained 5 ml. of 10% kidney suspension 
The 
the ducks of Group I was 19.3 gm. given over the 


average amount of rat kidney injected into 
course of six months, while the ducks of Group 


III received 14.7 gm. during a five-month period 
The four ducks comprising each of Groups II and 
IV were immunized with rat kidney in adjuvant 
The antigen was injected intramuscularly in 1 ml 
The ducks 
of Group II were given an additional two injections 
at monthly 


amounts once a week for three weeks. 
intervals. After seven weeks of rest 
Group IV. 
week 


the ammals of received three 
The total amount of rat 
kidney injected into the ducks of Group II was 


0.25 gm. and into the ducks of Group IV, 0.30 gm 


injections in one 


The ducks were exsanguinated by cardiac punc 
ture between the 8th and 14th days after the last 
antigen injection, The serum from each duck was 
collected separately and stored in the refrigerator 
without the addition of preservatives 

Normal ducks were bled in the same manner and 


the sera stored for use in control rats 


Pools of the duck anti-rat-kidney sera were pre 
pared by mixing aliquot samples of serum from 
each animal of a given group. These pools were 
designated by the number assigned to that group 
of ducks. Thus Pool I was prepared from the 
sera obtained from the ducks of Group I. Sera 
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from normal ducks also were pooled. Each pool 
was tested for the presence of hemagglutinins to 
rat red blood When the titer was greater 


than 1:8 the pool was first inactivated at 56 C for 


cells 


30 minutes and then absorbed with rat red blood 
washed cells per 4 ml. of 
was absorbed two times, while 
The 


water bath for 


using 1 mil. of 
Pool Ill 


required 


cells, 
serum 
Pool IV 


were again 


absorptions pools 


56 ( 


four 
inactivated in a 


30 minutes just prior to injection in order to di 


minish their nonspecific toxicity for the rats 


Ill. Injection Rats 
Sprague-Dawley or Long-Evans rats 2 to 3 months 


imto One hundred fifteen 


sex were maintained during 
Pellets 
They were di 


of age and of either 
the course of the Purina 
McCollum’s diet.” 


vided into seven groups designated by the letters 


experiment on 


and a modified 


4 through G and given injections intravenously 


in a foot vein on two or three consecutive days 


with the pooled sera from the immunized ducks or 
duck 


indicated in 


sera rhe treatment 
Table 1 
Course of Nephritis 


with normal given to 


each group 1s 


IV. Tests to 


Random urine samples 


Determine 


were collected from each 
rat before injection and daily thereafter until sig 
nificant proteinuria was established, or during the 
first three weeks of the experiment in those ani 
mals not showing an elevated urinary protein 
Thereafter urine specimens were collected weekly 
until the animals were killed 
the Shevsky 


rats have some pro 


and finally bimonthly 
determined by 


Normal 


tein in the urine, and values up to 0.5 gm. per 100 


Urinary protein was 


Stafford technique.” 


cc. were considered within the normal range 
Rats often develop a nephrotic syndrome during 
their nephritis, hence the 


the first few days of 


animals were inspected for edema or evidence of 
daily 


total 


ascites and weighed 

Blood 
were determined on the blood obtained at necropsy, 
Van Slyke and Cullen“ and 


Brodie, and Kendall," 


were 


urea nitrogen and serum cholesterol 


using the methods of 
of Abell 


Levy, respec 


tively 


The rats were exsanguinated under ether anes 


thesia at intervals varying from one day to eight 


months after injection. Autopsies were performed 


and the tissues were fixed in Zenker’s solution and 
formalin. Sections of all organs were embedded 
in paraffin and stained with hematoxylin and eosin 
acid-Schiff (PAS) 


routinely on the kidneys, and 


Period stains were done 


trozen sections 
stained with oil red O (ORO) were employed to 
demonstrate lipid 

* These tests were done by the chemical labora 


tories of the Columbia Research Service, Gold 


water Memorial Hospital 
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Results 


I. Course of the Nephritis.—The prelimi- 
nary criterion for considering a rat nephritic 
was the development of proteinuria exceed- 
ing 0.5 gm. per 100 cc. Elevation of the 
blood urea nitrogen and renal histopathology 
presented the definitive evidence for nephri- 
tis. The findings are recorded in Table 1. 
D, and F 
were killed 


Groups A, B, contained some 


animals which more than one 


month after injection. The renal lesions in 
these animals placed them in the subacute 
or chronic stage of nephritis. Therefore, in 
the presentation of the data in Table 1, 
these four groups have been divided into 


killed killed 


after one month. 


those rats before and those 


the basis of the time of onset of 


significant proteinuria, the groups of rats 


On 


fall into two categories : those animals which 
developed an immediate nephritis and those 
in which nephritis was delayed for several 
days following the injection of nephrotoxic 
serum. As may be seen in Table 1, the 14 
rats of Group A given injections of 1.2 to 
1.6 ml. of duck serum Pool I developed 
immediate proteinuria, which continued 
throughout the course of observation from 
3 to 86 days. Similarly, the 22 
Group D given injections of 0.6 or 1.0 ml. 


of duck Pool IV 


persistent proteinuria. 


rats of 


had an immediate and 
They were under 
observation from 2 to 245 days. In contrast, 
13 of the 25 rats of Group B given injec 
1.2 to 1.6 ml. of Pool II 


show increased proteinuria until 4 to 12 days 


tions of did not 


after injection, while the remaining 12 ani 
this 


mals of group never had significant 
protemuria. The animals of Group B were 
killed from 1 to 192 days after injection. 
Three of the ten rats of Group C given 
injections of 1.5 ml. of Pool III developed 
proteinuria immediately, but the remaining 
seven animals had a latent period of two to 
eight days. These rats were killed 6 to 30 
days after injection. It may be seen from 
the Table that the rats of Groups A and 
D which 


urinary protein also had higher levels of 


showed an immediate rise in 
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protein in the urine than did the rats of 
Groups B and C. The 18 rats of Group 
E given injections of normal duck serum 
never exhibited significant proteinuria dur- 
ing the 7 to 28 days of observation. The 
rats of Groups F and G will be considered 
later. 

The 


values for Groups A through E from which 


range of terminal urea nitrogen 
the averages presented in Table 1 were ob 
tained were as follows: 
169 mg. 100 cc.; Group B (13 rats 
with proteinuria), 19 to 48 mg.; Group 
C, 20 to 44 mg.; Group D, 24 to 430 mg.; 
Group E, 16 to 39 
this 


mg. per 100 cc 


Group A, 15 to 
per 


mg. In two rats of 


latter group the values were over 30 
The 


cholesterol for 


range of the terminal 
each of the above 
Group A, 62 to 246 
(13 rats with 
proteinuria), 42 to 283 mg.; Group C, 81 


serum 
groups was as follows: 
mg. per 100 cc.; Group B 
to 334 mg.; Group D, 96 to 775 mg.; Group 
E, 38 to 81 mg. As may be seen in Table 1, 
the blood urea nitrogen values tended to be 
higher in the rats kept under observation 
for more than one month, while the blood 
cholesterol values were higher in rats killed 
during the first month after injection of 
antiserum. This was particularly evident 
in the animals of Group D 

Transitory gain in body weight was noted 
during the first week of observation in 1 
rat of Group B, 5 rats of Group C, and 
16 rats of Group D 

Il. Effect of Varying Amounts of Ne 
phrotoxic Sera Injected 
from the preceding results that duck nephro 


Pools | lV, 


immediate severe nephritis in the rats of 


It was postulated 


toxic sera and which caused 


Groups A and D, might contain a higher 
concentration of nephrotoxic antibody than 
Pools II and III 


two groups of rats, I 


To test this hypothesis, 
and G, Table 1, were 
given a total of 0.35 ml. of Pools I or 1V 
to determine if smaller amounts of these 
antisera would induce a delayed rather than 
an immediate nephritis. 

The 


veloped abnormal proteinuria only after a 


animals of Groups F and G de- 


Hasson et al 


latent period. Three to seventeen days fol- 
lowing injection, 12 of the 16 rats of Group 
F developed abnormal proteinuria, while all 
10 rats of Group G showed proteinuria after 
a latent period of five to eight days. 

The terminal blood urea nitrogen values 
ranged from 22 to 32 mg. per 100 cc. for 
the 12 rats with proteinuria of Group F, 
while the rats of Group G showed a range 
in urea nitrogen from 24 to 33 mg. per 100 
cc. The range in terminal blood cholesterols 
for the two groups were as follows: 64 to 
128 mg. per 100 cc. for the 12 rats with 
proteinuria of Group F 105 to 192 
From the fourth to the 
fifth day after injection two rats of Group 


and 
mg. for Group G. 


F showed a 15 or 20 gm. gain in body 
weight, which dropped to the baseline value 
on the sixth day. 

111, Renal Pathology 


jections of the antikidney sera exhibited 


The rats given in 


renal lesions which in most instances paral 
leled the manifestations of nephritis as evi 
denced by proteinuria and elevation of the 
blood urea nitrogen, 


Autopsies were intervals 
from one day to eight months after the 


injection of antiserum. 


performed at 


Progression of the 
renal lesions was apparent irrespective of 
whether the nephritis had an immediate or a 
delayed onset. All four pools of duck anti 
rat-kidney sera induced the same type of 
kidney damage, and the lesions were in 
distinguishable from one another except for 
their severity. 

The earliest lesion was seen on the second 
day. It bizarre 
glomerular cells and haziness of the base 
ment membranes of the glomeruli and cap 
sules. 


was characterized by 


In this phase the glomeruli often 
appeared bloodless and contracted. Some 
mitotic figures were encountered. Adhesions 
to the capsule and proliferation of glomer 
ular epithelial cells were noted as early as 
the 6th day, and scarring, by the 10th day. 
Precipitate and red blood cells were seldom 
observed in the capsular space. Cellular 
infiltration in and about the glomeruli was 


sparse and, even in the early stages, pre 
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dominantly lymphocytic. Casts were seen 
in the two-day-old lesions and increased as 
the time of the lengthened. 


Necrosis of the tubular walls was not ob 


experiment 


served, but damage to the tubular epithelium, 
in the form of swelling, desquamation, and 
hyalin-droplet degeneration, commenced on 
the second day. Regeneration in the tubular 
epithelium was not noted before the 10th 
day and was not prominent when present. 
No vascular lesions other than platelet or 


Fig 2.—Rat H475, 
Group A, given an in 
jection of 12 mi. of 
duck anti-rat-kidney 
serum, Pool |! Che 
nephritis had an immedi 
ate onset, and the animal 
was killed 86 days after 
injection. The low-power 
view shows distortion of 
the architecture of the 
kidney due to scarring 
and dilatation of the 
tubules which contained 
large hyalin casts. PAS; 
reduced % from mag 
38 


HIVES OF PATHOLOGY 


Fig. 1—Rat H610, 
Group D, given an in- 
jection of 10 ml. of 
serum Pool IV. There 
was immediate nephritis, 
and the animal was 
killed 12 days following 
injection. The glomeruli 
are large and the base- 
ment membranes thick- 
ened. Numerous hyalin 
casts are seen in the 
tubules. The tubular epi- 
thelium is swollen 
Occasional lymphocytes 
and histiocytes are pres- 
ent in the interstitial 
tissue PAS; reduced 
\ from mag. X 260. 


fibrin thrombi in glomerular capillaries were 
encountered. Figure 1 illustrates the renal 
lesions of 12 days’ duration in rat H610 
of Group D (Chart 5). 

The progressed to the chronic 
phase, with thickening of Bowman's capsule, 


lesion 


proliferation of the capsular and glomerular 
epithelium causing obliteration of the capil 
laries, and a reduction of the glomeruli to 
fibrous balls. The hyalin-like material of the 
glomerulus stained for both mucopolysac 
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fat. The tubules were often 


replaced by scar tissue, and all stages of 


charides and 


atrophy and dilatation were found, while 
hyaline casts became more numerous. The 
interstitial fibrous tissue increased, as well 
as the lymphocytic infiltration within it. The 
appearance of the kidney in chronic nephritis 
is illustrated by Figures 2 and 3, rat H475, 
Group A, killed 12 weeks after injection 
(Chart 2). 

The presence of renal lesions in the rats 
of the six experimental groups and the one 
group Table 1. 
In grading lesions of animals with a latent 


control are tabulated in 
period, the first appearance of abnormal 
proteinuria was taken to mark the onset of 
nephritis. The severity of the renal damage 
was estimated on a scale which compared 
age The 
arbitrarily graded on a scale from 0 to 4+. 


lesions of similar lesions were 


The designation was used when there 


was a question of a focal rather than a 
diffuse thickening in the glomerular base 
ment membrane or in the case of bizarre 
cells or frequent mitotic figures within some 
glomerular tufts. The other categories de 
note degrees of severity of a diffuse disease 

The severest renal lesions were found in 
the rats of Groups A and D, as would be 


anticipated from their clinical course. Renal 


Hasson et ai 


Fig 3.—A 
glomerulus and tubules 
from the animal of 
Figure 2, Rat H475. Note 
the dark band of PAS 
positive hyalin material 
in the capsule, adhesion 
of capsule and tufts, and 
proliferation of glomer- 
ular and capsular epithe- 
lial cells. The tubules 
contain hyalin casts 
There is lymphocytic 
and histiocytic infiltration 
of the interstitial tissue 
about the glomerulus 
PAS; reduced % from 
mag. 525 


typical 


damage was evident in all 26 animals of 
these two groups, and in over one-half the 
or 4+ 
In contrast, the majority of the 35 rats of 


animals they were of 3+ severity. 
Groups B and C had lesions which were 


graded from + to 2+. Six rats of Group 
None of these 


had shown abnormal proteinuria, but three 


B were without renal lesions. 


were killed within three days of injection 
and might have developed proteinuria at a 
later time. No abnormal proteinuria was 
noted in six of the rats in which some de 
gree of kidney damage was seen, Four 
of these animals of Group B were killed 
within 12 days of injection and might have 
developed proteinuria at a later time; one 
of these had a renal lesion graded +, and 
had 14+ The two 
survived for 33 and 42 


graded + 


three lesions. other 


animals days 


and had renal lesions and 
1+, respectively. The three rats in Group 
B which no longer had abnormal proteinuria 
killed had + renal 
lesions which were focal rather than diffuse 


The 


form of 


when nevertheless 


in distribution glomerular changes 


were in the thickened basement 
membrane or obliterated capillary loops, and 
The 
all had renal pathology, which 


casts were rarely seen, animals of 


Group ¢ 


was for the most part of 1+ or 2+ severity. 
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Wilt 
DAYS POST INJECTION 
Chart 5.—The results obtained when 
two rats. Rat H640 received 0.35 ml. of 


while Rat H610 had an 
antiserum 


immediate onset of 


glomerular tufts to the capsules. Polymor 
phonuclear cells and lymphocytes were seen 
within and about the glomeruli. There were 
hyalin casts in the tubules, and the tubular 
epithelium was swollen. There was no in 
terstitial scarring, and only occasional cells 
tubular 


in the epithelium contained lipid 


Chis was graded a 3+ lesion 


Rat 


\t autopsy of 
H473 approximately 8 mil. of free 
fluid was found in the peritoneal cavity. The 
kidneys were moist on section. Microscopi 
Rat H473 
appeared more severe than those in Rat 
H476 The the 
lumen of the the 


epithelium was as 


cally the glomerular lesions of 
amount of coagulum in 


tubules was greater and 
damage to the tubular 
severe There were more lipid deposits seen 


The 


lesions of Rat H473 were graded 4+ 


in the glomeruli and tubules renal 

Chart 2 presents the course of nephritis 
over a period of about three months in Rat 
H475, which developed immediate and mas 
sive protemuria following the injection of 
Pool | Rat SDB9, in which 


abnormal proteinuria occurred 10 days after 


serum and in 


injection of Pool Il serum. Autopsy of both 


rats revealed large pitted kidneys with nat 


row cortices and prominent tubular stria 


tions 
both 


Microscopically the renal lesions of 


animals were evere, completely dis 


kidneys. Many 


glomeruli had disappeared, and those which 


torting the architecture of the 


remained were partially of 


Vhe re 


completely 


obliterated or atrophi were hyalin 


1M) 


different 
Pool 
proteinuria after receiving 


ARCHIVES OF PATHOLOGY 


GROUP D 


Wat 6 
. 


SUN 26%6% 
J 


PROTEINURIA Ge 


DAYS POST INJECTION 


volumes of Pool IV were injected into 
IV, and proteinuria appeared six days later, 
1.0 ml. of the same 


deposits and fibrous tissue proliferation im 
the tufts and capsule. Many tubules had 
atrophied; others were greatly dilated, and 
the lumens were filled with hyalin casts 
There was a diffuse infiltration of lympho 
cytes in the abundant interstitial fibrous tis 
sue. The lesions were graded 4+. A section 
from the kidney of Rat H475 is illustrated 
in Figures 2 and 3 

Chart 3 again illustrates the course of an 
immediate and a delayed acute nephritis 
In this Rat H617 was given an 
injection of Pool TV serum and Rat H618 


of Pool III serum, and both were observed 


instance 


for three weeks. At autopsy the kidneys of 
each rat appeared finely pitted. Microscopi 
cally there was a generalized thickening of 
the both 
Occasional glomerular tufts were necrotic, 


tufts 


basement membranes in animals 


and adhesions were present between 


and capsules Casts and hyalin droplet de 
generation of the epithelium were seen in 
the tubules, and the interstitial tissue was 
infiltrated with lymphocytes. There were 
lipid deposits in the damaged glomeruli of 
both animals, but they were more abundant 
H617. In 


in the tubules or in the hyalin casts 


was there lipid 
The 


severity 


in Rat neither 


renal pathology was of moderate 


and graded 2+. However, the renal lesions 
of Rat H617 
might be expected from the clinical course 
Chart 4 that 


SDB273 was killed seven days after inje 


were somewhat severer as 


It may be seen from Rat 
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tion of 0.35 ml. of Pool I serum and three 
days after the onset of proteinuria, while 
Rat H504 killed on 
following the injection of 


was the third day 
12 ml. of the 
\t autopsy no gross ab 
Micro 
animals 
The 


basement membranes were hazy and swollen 


Same antiserum 


normalities were seen in either rat 
both 


lesions 


scopically the kidneys of 


showed diffuse glomerular 


The glomerular cells were large; some of 


the nuclei were hyperchromic, others 


pyknotic. The capsular epithelium and base 
ment membranes were similarly swollen. Ox 
casional capillary loops appeared necrotic 
and contained fibrin which gave a positive 
PAS 


in these 


reaction. Nuclear debris was present 


areas \ few polymorphonuclear 
cells and lymphocytes infiltrated the glom 
Phe 
granular casts 


H504 


epithelium 


erull tubules contained hyalin and 
These were more numerous 
SDB273. The 


swollen, but the 


in Rat than in Rat 


tubular was 
vasement membrane was normal. The peri 
I t I . = 

glomerular and perivascular infiltration was 
predominantly lymphocytic and was equally 
severe in the two animals. In general the 
lesions described appear slightly less severe 

PI gnu) 


in Rat SDB273, which had a latent period, 


than in Rat H504, in which the proteinuria 
The 
SDB273 was graded 1 
H504, 24 

The 


was immediate Rat 


Rat 


nephritis of 

and that of 
pair of rats presented on Chart 5 
Pool IV 
Rat H640, in 
which the nephritis had a latent period of 


were given injections of serum of 


and observed for two weeks 
six days, received 0.35 ml., while Rat H610 
Micro 
scopic examination of the kidneys of Rat 
11640 


eosinophilic 


was given an injection of 1.0 ml 


revealed occasional necrotic tufts 


coagulum was few 


Che 


were thickened and edematous 


seen in a 


capsular spaces basement membranes 
Che tubules 
were dilated with hyalin casts Che tubular 
epithelium was desquamated, and there was 


rhe 
graded 


hyalin droplet 


renal 
4 


degeneration 


lesion of this animal was 


Histologically the lesions of Rat H610 were 
Rat H640. There 


severer than those of was 


more necrosis of the glomerular tufts, and 
there were numerous hyalin casts and ex 
tensive desquamation of the tubular epi 
thelium. The renal lesion was graded 3+ 
and is illustrated in Figure 1 

V’. In Vivo Test of Kidney l 
of Pools I and 11,—¥urther 


duck anti-rat-kidney serum inducing an im 


ocalization 
evidence that 
mediate nephritis possesses a higher anti 
body content to rat kidney than serum pro 
ducing a nephritis with a latent period was 
obtained by labelling the globulin fraction of 
the antiserum and determing its localization 
in kidney 

The data presented in Table 2 were sup 
plied by Dr. David Pressman, tested 
duck Pools I and II for 


capacity in rat kidney, ultilizing a method 


who 
their localizing 
previously described."® Che globulin frac 
tion derived from the two duck pools and 


duck duck 
rabbit-kidney serum were tagged with radio 


from normal serum and anti 


active iodine. The tagged globulins were 


and the animals 
The 
Pool I localized in the kidney to a 
Pool II. This 
interpreted to indicate a higher antibody 
titer to rat kidney in Pool | 
Pool II In 
results obtained with Pools I and II, neither 
duck duck anti-rabbit 
kidney serum showed selective localization 


injected into rats, were 


killed two days later results showed 


that 
greater than 


extent may be 


as ( ompared 


with contradistinction to the 


normal serum not 


in the rat kidney 


Comment 


The data presented are at variance 


with 
the general concept held by most workers 
that duck nephrotoxic sera can induce only 
DABLI 


2.—I 


calization of 
Intibodies in 


Duck Anti-Rat-Kidney 
he Rat 


% Localized * 
Source of 

Globulin Fraction Ne K idney A pleen 
Duck Pool I f 0.55 0.22 
Duck Pool II 0.18 0.0 
Normal duck serur | 0.03 0.02 
Duck anti-rabbit 

kidney serum 0.15 0.12 


* Per cent of injected radioactivity which localized in 1 gm” 
of tissue per 100 gm. of rat. Values are averages obtained from the 
three rats in each group 
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Duck 
IV described above could 


a delayed nephritis anti-rat-kidney 


sera Pools | and 
initiate an imediate nephritis, while, in con 


Pools I] and It] 


only after a latent period 


trast, induced nephritis 


The different re 
with the 


sults obtained four pools of duck 


nephrotoxic sera may be explained on the 


basis of antibody content 


to some antigen 
in rat kidney 


by the 


rhis assumption is supported 


results obtained from two different 


experiments. lirst, when rats were given 


injections of small volumes of 


I and 
lV, these antisera behaved like Pools IT and 


111 in that nephritis was 


Pools 


induced only after 
a latent period Secondly, the results of the 
Pressman 


Pool I, 


nephritis, 


tracer studies carried out by Dr 
Pools | and I] 


produced an 


with showed that 


which immediate 


localized in a_ higher 
than did 
delayed nephriti 

rhe 


determine the 


concentration in rat 


kidney Pool 11, which produced a 


method of 


duc ks did 
the 


unizing the 


not potency of antisera 


as judged by thei capacity to produce an 
Pool | 
intraperitoneally 


Pool I\ 


injections oft 


from ducks im 


20% rat 


immediate nephr iti 


munized with 


kidney and from ducks given 


intramuscular kidney in ad 


juvant both induced immediate nephritis 


ducks by 
Pool IIL by im 
both 


In contrast, Pool II prepared in 
pre] 


idjuvant imyections and 


munmization with 20 rat kidney 


initiated a delayed me phritis 


Duck anti-rat-kidney serum is not the only 


fowl nephrotoxic which induces an 


erum 


immediate nephritis in rats. Antibodies pro 


duck by the 


duced in injection otf rat 


glomeruli have initiated an immediate and 


severe nephriti in the 17 rats so far tested 


im = thi laboratory lurthermore, fowl 


nephrotoxic serum specific for the rabbit has 


also been found to cause immediate renal 


duc k 
this 


damage. One pool of inti-rabbit-kid 


ney serum studied in laboratory has 


produced an immediate nephritis in the six 


rabbits tested, and two of these animals 


have died from acute nephritis within seven 


days 


»”)? 


A. M. A. ARCHIVES OF PATHOLOGY 


that the rabbit 


provide nephrotoxic antibody which pro 


It has been found can 


duces a delayed nephritis. In this laboratory 
one pool of relatively weak rabbit anti-rat 
kidney 


amounts in 


serum 
10 rats 


all but was delayed in onset for four to 


was injected in 1.5 ml 


Nephritis developed in 
eight days in six of these animals. In 
another experiment, in which six rats were 
given injections of 0.5 ml. of a potent rabbit 
anti-rat-kidney serum, five rats developed 
nephritis, but in three the onset was delayed 
for three days. These results give additional 
support to the concept that the time of onset 
of nephrotoxic nephritis depends upon the 
amount of nephrotoxic antibody injected 
Wenk 
when a rat kidney is perfused with fresh 
rat blood rabbit 


large 


and Lange? have reported that 


volume of 
added, 


amounts of the rat complement disappear 


and a small 


anti-rat-kidney serum 1s 


from the perfusate. On the contrary, when 


duck anti-rat-kidney serum is added to the 
perfusate the level of rat complement re- 
mains unaltered. A somewhat analogous ob 


servation was reported by Izumi,’* who 


found that duck anti-rabbit-kidney serum 
idded to a of rabbit kidney 


would not remove guinea pig complement 


suspension 


from the solution. Rice!’ also reported the 


failure of other duck antibodies to fix com 
plement 

hese Korn 
gold the 
delayed nephritis following the injection of 


duck 


only im 


findings have led Pressman 


and Heymann '*® to suggest that 


nephrotoxi serum may be explained 


part by the theory presented by 


Nay \ccording to Kay, when rabbits are 


given injections of duck anti-rabbit-kidney 
serum the globulin containing the antibody 
becomes attached to the kidney but produces 
no damage until the rabbit has formed anti 
this this 


attached to 


body to roreign globulin As 


antibody circulates it becomes 
duck protein concentrated in the kidney, and 
nephritis follows this antigen-antibody rea 
tion. Pressman, Korngold, and Heymann 

between 


the 


have pointed out that the reaction 


rabbit antibody to duck globulin and 
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kidney-attached duck globulin will bind com 
plement and that this complement may be 
renal 
The 


experiments reported here do not offer any 


the essential element to induce the 


damage and precipitate the nephritis 
evidence to affirm or deny the role of com 
plement in the nephritis occurring after a 
latent However, the 


duc k 


In sufficient stre ngth 1s capable of producing 


period experiments 


demonstrate that nephrotoxi serum 


an immediate nephritis. This would indicate 
that the fixation of complement is probably 
lesion 


unnecessary to the induction of the 


in this latter cas 


Summary 


[wo pools of duck anti-rat-kidney sera, 
Pools I and IV, when injected into rats in 
initiated an immediate 


similar volumes 


nephritis. Two other pools of duck nephro 
Pools 1] III, 


nephritis only after a latent period of several 


toxic sera, and induced 
days 


lhe 


were 


clinical course and renal pathology 


generally severer in the rats which 


developed an immediate nephritis after in 
Pools | and [\ 


in those animals which developed a delaved 


Pools 


jection of serum from than 


nephritis after receiving from 


Il and I] 
When from Pools | 


nyjected mn pproxim 


seTurn 


and I\ 
one-third — the 


scTa were 
itely 
initial 
duced 
ll and I1] 


Studies by Pre man 


volume, a delayed nephritis was pro 


Compatr ble to that induced by Pools 


radioactive 
Pools I and I] 


localized in the 


with 


iodine-tagged globulin from 


Pool | 


concentration than was 


indicated that serur 

rat kidney 1 yreatet 

observed wit ‘ool I] 
It appears it the latent period often 


duck 


from the low 


following — th yyection of anti-rat 


kidney serum result titer of 


nephrotox intibody and not from a 


peculiar property of the duck serum 


( olumbia { ni 


Department of Microbiolog 


ersitvy Collewe 


Surge 640 


\A 168th St 
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Marfan’s Syndrome, with Unusual Blood Vessel 


Manifestations 


Primary Medionecrosis Dissection of 


Carotid Arteries 


Right Innominate, Right Carotid, and Left 


MARTIN G. AUSTIN, M.D., and ROBERT F. SCHAEFER, M.D., St. Louis 


Marfan’s 


reported with increasing frequency; how 


of 


Cases syndrome are being 


ever, there is still a comparative paucity of 
observations with complete 


The 


presented pal ticularly 


postmortem ex 


aminations following 


case 15 


of 


being 


because the un 


usual medionecrosis and aneurysmal dissec 


tion in the carotid arteries, with occlusion 


and subsequent ence phalomalacia 


Report of a Case 


\ 5-vyear-old white above average 


was admitted to 


the St 
The 
two 
well. The 
The family 
Marfan’s 


intelligence Lous City 


Hospital in a maniac state patient was the 


oungest of " children; sisters and 


mother are living and father died at 


the age 48 history is 
ewative ior gr ol 


His birth 
' 


syndrome 


but his early development 
ited by 


1! yopia 


frequent dis 

and 

ot we seven 
sernl ly 

xertion. Ixamination 


pressure ot 140/30 mn 


(srade 4 


;oroscop reveale 


apt al 
lhree week 


mmplained 


Louis 

Il Medical 
Dy Austin) 
iborator st 


Hospit al 
Snodgrass I 


Instructor Department ot 


Physical examimation revealed an undernourished 


white man, 6 ft. 3 m (1905 


He had 


the metatarsals 


em.) tall, m a 


maniacal state extremely long extrem 


ties, particularly metacarpals, and 
there 
he 


upper 


phalanges, and was marked 


skin had 


extremity 


hypermobility 


of the joints elasticity 


increased 
the right 
lhere 


teet! 


and 


was cooler than the 


left was a high-arched palate with w 


regular alignment. There was kyphoscoliosis 


ti arked 


examination 


The eyes revealed keratoconus. Cardio 


vascular absence of 


revealed pulses 
in the 
Blood 
(right) 
The 
pable 
he 


enlargement 


brac hial 
140/00 


right rachal, and carotid 


Hey 


a minute and irregular 


arteries 


pressure 0/0 


heart was 


mm (left) and 


pulse was 8O 
minumnally with a 
the 


minimal 


enlarged, pal 


systolic thrill and murmur at apex 


chest x-ra revealed only cardiac 


with no significant aortic dilatation 


Neurological examination revealed 


ank le 


deep tendon reflexes 
I 


spasticity of 


all extremities, bilateral 


and pate lar clonus 
he 


central 


and hyperactive cours 


was characterized by progress 
he 


patient 


ive nervois 


system depression 


unc the 


treatment was mainly 


mptomatn died three days after 


Imissior 
lut ff ,\ 


were located in the heart 
w from the 


he 


oramen 


aortic arch 

pericardial sur 
ovale Wa closed 
il except the 
dilated rr 
leaflet 


in bot] 


mitral 
assuring 
mitral were 
thich ned, wrinki ! movated 


und 


tendineace 


lengt! 
width lundant flap e chordae 
(Fig 1) he 
i purplish 
the 


thi 


were thre ‘ ad 


ascending worta wa light], lilates 


base 


pericardiun 


discoloration wa cen at the aorta 


at the reflection of the 


proved 


to be a small, strictly confined area of het iorrhage 


had 


aort 


that arose from the base of the 


aorta and 
1 he 


few 


abdominal 


dissected in the 


adventitial layer 


inttma wa mal « xcept ior a cattered 
theromatou lacie t the 


portion 


20 





Fig. 1 The left ventricle als the 
cushion-like thickening and wrinkling of the mitral 
Phickened tendineae near 


edges of redundant cusps 


open reve 


chordae insert 


the 


valve 


the free 


Fig 5 


base of 


raph of throug! 
isce nding 
vel il 


fiber tain; 


Photomicrog section 
the 


with s 


showing cyst« 


mucoid-filled 


the aorta 
large 


100 


medionec rosis 
paces. Elasti 


-~ 


Fig. 2 
on tl 
obstruction 


shown 


hemorrhage 
innominate a 
righ 


dissecting he 


on the 


arrows) 


Completely 


{ROHIVES OF PATHOLOG) 


The right common carotid artery, 
ie left of photograph, has 
of its distal third by a dissecting 
originating at the termination of the 
The left common carotid artery, 
reveal a limited 


third (between 


a complete 


rtery 
t side, 


morrl age ot 


is opened to 
its distal 


eparate tron the aorta, and arising 


ot the imnominate artery, 


wneurysm, which continued 


carotid artery. The dissecting 


not involve the right subclavian 


innominate irtery 


was 


d to one-quarter 


secting hemor 


ommon carotid, 


pletely obstructed 


ecting aneur 


ction Ww 
mtima at 


partial ol 


alacia of 


lon 


hemisphere There were 


degeneration, with compres 


ventricles by the swollen and 


white matter 


64, August, 1957 





UVARIFAN'’S SYNDROM!] 


big +—PI 
through the distal 
carotid artery reveals the 
the outer third 
media, with obliteration of the 
and stain; x RS 


otomicrograph of cross section 
third of the right 

hemorrhage dissecting 
inner two-thirds of the 
lumen. Hematoxylin 


common 
trot the 


eosin 


Ki 5.—Phe 


ing and fragmentation of the connective tissue stroma. Hematoxylin and eosin stain; 


approximately 15% from mag. X 90 


Austin S chae ] 


Vic roscopu Study 


stained with hematoxylin 
fiber 


sections were 


and eosin, Verhoeft’s elasti stain, the 


periodic acid-Schiff reagent, and methylene 


blue Phe and the common 


carotid artery 


aorta right 


(Fig. 3) revealed numerous 
small cystu spaces scatt red throughout the 
media and intima, filled with a slightly baso 
l’rag 


mentation and disorderly arrangement of the 


and Schiff-positive substance 


philic 


elastic connective tissue fibers occurred in and 


uljacent to the cystu and there was 


spaces 
a coexisting displacement of the musculo 


elastic fibers of the media and intima Phe 


lumen of the right common carotid artery 
was obliterated by a massive hemorrhage in 
had the latter 
and compressed the opposing intimal sur 


the 


the media, which dissected 


faces together, separating outer on 


ttomicrograph of section through the mitral valve showing myxomatous swell 


reduced 





third of the media trom the inner 


two-thirds 
There was fibrin formation with necrosis 
of the adjacent tissue and an accompanying 


infiltration of leukocytes. The mitral valve 


revealed a fibromyomatous swelling and de 


generation of the elastic connective tissue 


and a diffuse fragmentation of the conne« 


tive tissue fibers and cells, with coexistence 


of a blue-staining clear ground substances 


(Fig. 5) The endothelium of the valve 


yppeared normal 


Comment 
Marfan’s 
1896, has been the 


of the clinical and pathological data 


syndrome first «deseribed in 
ubject of recent reviews 


1° which 


have helped to elucidate its nature 
Mar 


known to most clinicians 


Phe clinical picture of the typical 


fan's syndrome 


but the marked iniation that may occur 


in this disease makes classification difficult 


MeKusick ® 


and diagnosis and ha 


has discussed the classification 
emphasized both sub 
luxation of lenses and a positive family 
components for the 


with M« 


order 


history as necessary 
diagnosis. Although we 
Kusick in his 


and accuracy in the 
feel his 


agree 


desire to obtain some 


Marfan’s 


criteria are too rigid 


diagnosis of 
syndrome, we 
Che 


findings, would certainly have to be included 


present case, on the basis of autopsy 
in the Marfan group, without the two above 


mentioned entities 


vith 


Marvel 
W hitfleld 


Moses 


lraisman 


Whittaker 


MekKusick 


MacLeod 
Sloper 


Anderson 


lhomas 


A. M. A. ARCHIVES OF PATHOLOG) 


The pathological findings have also been 
limited 
We 


have imecluded a review of autopsied cases 


under investigation'’*® in the very 


number of autopsy studies available 


since 1951 (Table). 


The typical manifesta 


tions of this syndrome include medionecro 


sis, dissecting aneurysms of the aorta 


with cardiomegaly, and fibromyxomatous 


changes, particularly of the mitral valve 


rhe initial investigations of this disease 


lead to the conclusion that the medionecro 
sis of the aorta must be a congenital defect 
in association with congenital heart dis 


ease.’* McKusick 


weakness 


has con 


suggested a 


genital as the underlying cause 


The infrequent findings of aneurysms of 


coronary,® carotid,’ and pulmonary artet 


ies,*” although all related to primary aortic 


aneurysm and dissection, suggested the pos 
sibility that Marfan’s snydrome was actually 


a diffuse disease of connective tissue rather 


than being limited to the heart and aorta 
Our case 1s apparently the first reported 


occurrence of primary extra-aortic medio 


necrosis——specifically, primary medionecro 


sis and dissecting aneurysm of the carotid 
artery with subsequent occlusion 


lhe importance of the vasa vasorum has 


been suggested by Uyeyama ™ and Schlich 


ter,” and examination of the cross sections 


of the carotid with diffuse interstitial hem 


orrhage without disturbance of the carotid 


intima would also suggest that primary de 


lutopsies Reported 


Valves Comment 


Med lonecrosis 

Aortic hypoplasia and myocardla 
fibrosis 

Med tonecrosis 

Med tonecrosis of entire aorta 

Aortic medionecrosis 

Medtonecrosis of aorta; dissectior 
to right coronary and iliacs 

Med ionecrosis 

Cystic necrosis of 
artery 

Aortic medionecrosis terminated 
at illacs 

Cystic medionecrosis 

Medionecrosis 

Med ionecrosis 

Hypertrophy and 
right ventricle 


Aortic 
Mitral; aortic 


pulmonary 


Aorti 
Aortk 
Aortk 
dilatation 


Mitral; 
Aortic 


mortic 


luqust 





MVARFAN’S SYNDROM/ 


fects of the nutrient vessels may play a role 
in the pathogenesis 


The component of connective tissue that 


is primarily involved in Marfan’s syndrome 


would appear to be elastic tissue, in view 


and 
this 


ot the 
the se 


disruption of 
the 


fragmentation 


fibers, although could be 
defect 
defective nutrition because 


The 


first time marked medio 


result either of a in the ground 


substance or of 


of abnormal vasa vasorum present 


ase reveals for the 


necrosis, aneurysmal dilatation, and disse¢ 


a direct result 


Phe st 


concept of i 


tion of a vessel that was not 


of dissection of the aorta findings 


ire im with the 


diffuse ce 


agreement 


nnective tissue disease 


Summary 


\n autopsied case of Marfan’s syndrome 
is reported with primary aneurysmal dila 
and occlusion of the 


tation, dissection 


artery with subsequent encephalo 
We have 


from the literature since the previous 


1951] 


carotid 
malacia reviewed the autopsied 
CASCS 


summary in 


Chis study was aided by the Institute of Medical 


Education and Research, St. Louis 


1112 Surrey Hills (17) (Dr. Schaefer) 
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Histologic Study of the Skin of Hairless American 


Deer Mice (Peromyscus maniculatus gambeli) 


R. H. RIGDON, M.D., and A. A. PACKCHANIAN, Ph.D., Galveston, Texas 


normal 


Hairless 


with 


olispring trom parents 


reported in several 


1850, ap 


hair have been 


of animals Gordon,’ in 


the 


spec ics 


first to describe hairless 


(Mus musculus ) 


parently was 


ness in house mice Since 
specimens have been reported 
“4 Asiatic 

26 


rabbit 5} horses,” cat 


then, hairless 


in American deer mice, tame 


16 


mice,'® rats,*” mol 


swine,* dogs,** and even in 
13.14 in 1926 and 1929, and 


the 


tle,!* goats,' 
man.*? Landauer 
1932, 


hairless species of animals 


David,* in reviewed subject of 

Histology of the skin of American deer 
mice (Peromyscus maniculatus gambeli) was 
first studied by David along with the his 
tology of the skin of hairless house mice 
(M. the rabbit.* 
David emphasized dermal histology and be 
that 
between mode of inheritance of hairlessness 


musculus) and hairless 


lieved there is a definite relationship 


and histology. According to her, four main 
genetic types of hairlessness were associated 
with the following histological changes: (a) 
(M 

hairlessness, 


(b) 


( ulus ) homozygous tor 


In mice musculus) heterozygous for 
the hairs 


In mice (M 


dominant 


dominant were 


imperfectly formed mus 
hairless 
keratinization, 
the 


When hairlessness 


ness, there was imperfect 


which broke the hairs as they reached 


surface of the skin. (c) 
was inherited as a recessive characteristic in 


mice (P. maniculatus gambeli and M. mus 


culus), depilation resulted from the lack of 


formation of the hair bulb; such animals 


Submitted for Feb. 6, 1957 
this 
between the Universit 


Naval Research, 


Laboratory 


pul lheation 
contract 


upported by a 


and the Office of 


Part of study wa 
lex is 
| S. Navy 

of | xperimental Pathology 


Laboratory of Microbiology, The Uni 
lexas—— Medical 


From the 
and the 


versity ot Branch 


10 


both hair 
(d) 


associated 


showed cysts that arose from 


follicles and sebaceous glands Reces 


sive hairlessness in rabbits was 


with partial agenesis of follicles in which 
hairs were present but were curved and of 
a small size; such animals usually died very 


young without developing other significant 


changes in the skin. Fraser *** discussed 
histological changes of skin of hairless house 
(M. musculus ) 
Howard '' that the 


“naked” varieties are distinct mutations 


mice and concurred with 


“rhino,” “hairless,” and 


Che skin from albino and colored hairless 
American deer mice (P. maniculatus gam 
beli) has been studied by us. Since changes 
were present in the skin of these mice which 
were not found in the literature,** it was 
considered desirable to record these observa 


tions at this time 


Methods and Material 
Stock Supply of Mice 


maniculatus gambeli, were first noted 
1919, by Their 


belonging the born (C,) 


Origm and Two white 


deer mice, P 


in a brood in Sumner.” parents 


were sibs first 


cAaAyt 
generation, They had six normal colored offspring 


one of which proved to be heterozygous for al 


binism. From this original stock an indefinite num 


I he al 


con plete 4 


ilbino descendents reared 


this 


ber of were 


binism of strain 1s typical and 


genetically it is a simple recessive 
Both albino and colored hairless P. maniculatus 


gambeli also noted by Sumner™ in his 


stoc k. 


ent descent 


mice were 


They appeared in two apparently independ 


lines In one case the first hairle 


animal was only one generation distant from one 


of its wild ancestors, while in the other there hac 


been a lapse of four generations. The hairlessne 


was a simple recessive characteristic. The animal 


destined to be hairless were born with a coat of 


hair; however, it began to thin out after two or 


three weeks. Eventually there was practically no 


hair left except for that on the muzzle and a few 


scattered hairs on various part the body. Some 





WRLI 


ot these mice 


marked corrugatio 


Breeding pair 


original stocks 
nice 
1936, by 
one ¢ 
ict 
abort 
amd tron 
ndents of 


used It 


skin were 
mediately 
aftir sectiot 
Hematoxylin 
stain. Select sectior 


Mallo 


counterstained 


techniques 
wit 
and 


Stain, osm 


the sice 
on small 
then hxec 


entire 


ce 


ith blue, 


y 


DEER MIcl 


oftspru { 


bino, and hairless 


net 


lh) were 
Ann Arbor 


1936 these 


luri 


Micl 


sent 


ot us 


1941 


to tour 


ibdon 


and cut 


the 
the 


used as 
tained by 
Prussian blue 
periodic acid-Schiff 
tor tat In addition 
were removed 


Chese 


prevent 


tron 
were placed 
curling 
of tormaldehyce 


! uned 


and 
The 
blue N 


with oul 


(18 days of age) A, 


STUDY Ol 


leer 


Colored hairless. 2B 


SAIN 





Fig. 1 
maniculatus 
witl 


Adult hairless 
gambel ) ! 
‘rhino” ski 


le eT 
witl 


(ua 
ebaceou 


( ppu 


Albino hairle 


mice (Peromyscu 
“smoot! ku | 


technique o 
demonstrate 


were remove 


(Some hairs 


eventually all the hairs will disappear from the skin except for the vibrissae) 


d deer 


Rigdon—Pachk 


Aantan 


mouse with hairs 





equal mixture of alcohol and ether, mounted dry 


and examined microscopicall 


Experimental Data 


44 American deer 
used in 
groups as 
14 adult albino and 
3 of these 
corrugation of the skin 
18). The skin of the 


these 


mice (P. manicu 


Che 
latus gambeli) this study are di 


vided into four follows 


(;roup \ consists of 
colored completely hairless mice 


marked 


(“rhino-mice”™ ) (| ig 


had a 


remaining 11 of mice was smooth 


(Fig. 14) 
skin of this group of animals are illustrated 


Histologic changes noted in the 


five deer mice, 


| hese 


in Figures 10-15. There are 


18 to 33 days of age, in Group B 


show a partial loss of hair ( lig 2A and B) 


The histologic changes in the skin of this 


group of mice are shown in Figures 6 and 


Of} Seven deer mice 48 hours to 11 days 


of age are present mm Group ¢ These mice 


had (big. 3B); 


they were destined to become hairless within 


hair at this age however, 


at period of a tew weeks The histologic 
changes in the skin of this group of mice 


18 and 7 


ranging im 


lighteen 
age from 48 


the control 


are shown in Figures 
normal deer mice, 


hours to 2 years, 


(Fig. 2 


were used for 


) The histologi changes in the 


Skin from deer mice 48 hours old 


big. 4 


{ROAHIVES OF PATHOLOG) 





Fig. 3.—Hairless deer mice. A, Adult with 
“rhino” skin. B, Baby 11 days of age with 
hair. (Mother is shown as A; father, also com 
pletely hairless ; such mice are destined to become 


hairless within a few weeks after their birth.) 


THOSE 


skin of the animals in this group are illus 

trated in Figures 44, 5, 8, and 94 
Histopathology of Skin and Hair Fol 

licles.—-The skin of mice from both hairless 


1, Both parents normal. B, Both parents hair 


less; note the keratin granules in the cytoplasm of the epithelial cells in the stratum corneun 


and also in the hair follicles 


Hematoxylin and eosin; reduced approximately 4% from mag 
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Norn leer mouse, 72 days of age 
epithelial cel lining the follicle are 


ie hat Few | iti 


ad jac ent 
granules are 
ithelial cells 


present in 
the cytoplasm of the ey Hematoxylin 


ind eosin; > 724 


ind normal parents was essentially the same 


during the first 48 hours of life. In the 


skin of these mice the significant change 


of the keratin granules in the epithelial cells 


of the and the 


stratum corneum large 
surface of the 


rhe 


mice 


amount of keratin on the 
epidermis were noted (lig. 44 and B) 
thicker in 


was at any 


epidermis apparently 
48 hours old 


In mice 96 hours old 


was 
than it other age 


there was a decrease 


in the amount of keratin on the epidermal 


surface and a decrease in the number of 


epithelial cells showing these keratin gran 
ules 


There was at this time (96 hours) an 


increase in the numbet 


of epithelial cells 
with keratin granules within the hair fol 
licles of the mice from hairless parents over 


that present in the follicles of the mice from 


Rigdon—Packchanian 


STUD) 


OF SKIN 


This 


amount of keratin granules persisted and 


normal parents variation in_ the 


became more conspicuous as the mice im 


creased in age. The variations in the amount 


of keratin in the normal and hairless mice 


was followed more readily in longitudinal 


sections than in cross sections of the hai 
follicle and in the follicle at the point where 


Hair 


(nad 


it emerges through the epidermis 


follicles in normal mice showed an 


sional epithelial cell with keratin granules 


(lig. 5); however, the number of such 


cells was small in comparison with those in 


the hairless mice ( Fig. 6) 


lew hairs were present in the skin of 


48 hours old 


viewed im cross 


normal mice 


follicles 


The size of the 


when section was 
the same in the normal and in those destined 


hairless At 4 


however, the 


to become days of age, 


follicles in the hairless mice 


were much larger than they were in_ the 


lumens of 
had 


keratin appeared 


normal mouse with hairs The 


the follicles im the 


hairless animals 


larger hairs, in which the 


big. 6.—Hairless deer 
The follicle is wide, 


mouse, 33 day ot age 


Many 


present 


and no hair is present 
epithelial cells with keratin granules are 
in the follich Hematoxylin and 
I~ irom mag x 774 


eosin reduced 





hig. 7 Hat 


how i wile 


+-day-old deer 


cortical zone of 


irom 1 mouse 
formed 
( Both parents ot this babw were hairless. ) 


Hematoxylin and eosin x Bl 


poorly 
keratl 


loose] arranged and staimed a pale blue 


with hematoxylin and eosin (lig. 7). The 


hairs in longitudinal section at this time 


seem to have a much wider cortex than that 
present in the hairs from normal mice 
( hig 8) 

Many of the hair 


appeared as small cysts filled with keratin 


follicles in cross section 


in hairless mice 18 days of age (Fig. 9A 
and BB) 


In longitudinal section they were 


filled with keratin-like debris, and the cyto 


plasm of the epithelial cells lining the fol 
licles was also filled with keratin granules 
I‘pithelial cells with similar granules were 
frequently found free within the lumen 
of the follicles Che 
normal follicles 


anatomic areas of the 


number of these ab 


hair varied in different 


same mouse as well 
as in different 


mice, This keratin change 


14 


1.§M. A. ARCHIVES OF PATHOLOG) 


within the follicle apparently progressively 
increased to involve the entire follicle ( Fig 
10). All follicles ultimately either became 
cystic or spontaneously regressed 

During the time the development of the 
above changes was noted in some of the 
follicles, many other follicles appeared unin 
volved. The absence of hairs in many of 
the follicles that became cystic suggested 
that some of the follicles failed to produce 
a hair, while others developed pathologi 
hairs which were shed early and never de 
veloped a second hair (Fig. 11) 
of the adult 


In many 


hairless mice there were no 
hair bulbs and fewer cysts than one would 
follicle birth 


persisted and ultimately become cystic. It 


expect had each present at 


would appear from 


that the 


a morphological stand 


point number of hair 


bulbs pro 


big ‘ Hair 
Note the 
the cortex of 
eosin: < 817 


a ~ joie 


a 


from a normal 


5-day-old deer 
narrow zone of keratm forming 


this normal hair. Hematoxylin and 
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Fig. 9 


Deer mice 18 days of age 
in the hairless 
are poorly formed.) 


Hematoxylin and eosin; 


gressively decreased as the hairless mice 
aged 

Cyst Formation.—In many cases the hair 
follicles of hairless deer mice progressively 
increased in size and ultimately became quite 
large. Any portion of the follicle showed 


occlusion, apparently as a result of the me 


Rigdon—Packchanian 


STUDY Ol 


A, Normal mouse 
mouse are much larger than those in the normal mouse 
Y A) 


SKIN 


B, Hairless mouse. The hair follicles 


(The hairs in the latter 


chanical 


blocking from the 


presence of 
keratin, debris, and sometimes fragments of 
12). Some of the 


cysts showed a narrow “neck” (Fig. 13) 


degenerating hairs | Vig 


With the development of a cyst the epithelial 
cells that normally line the follicle progres 
sively became flattened and usually hyper 


215 





cross sex 


10.—A 


n adult hairle 


tion of a hair follicle 
Many keratin gran 
ules are within the cytoplasm of the 
epithelial cells in this follicle. Hematoxylin 
reduced In irom mag x R17 


. dee r rwrise 
present 
amd 


eosin : 


chromati Keratin-like granules were 


present in the epithelial cells that line the 
cysts (hig. 14). The larger of the cysts 
had 
epithelial cells, one to two cells thick, 


band of 


a wall that was lined by flat 


usually 
sup 
ported externally by a narrow 
hbroblasti 


In some of 


tissue 


these cysts a portion of the 


cell was lined by large polyhedral cells re 


adult 
cysts there is 


Fig. Il um the 
hairless deer mouse 
a degenerating haw Hematoxvlin 


duced 40% from mag. * 360 


Multiple cysts skin of an 
In one of the 
and eosin; re 


ARCHIVES OF PATHOLOGY 


Fig. 12 
] alr le > leer mouse, 
like material. Hematoxylin and eosin; 


rom mag x 100 


Multiple cysts in the skin of an adult 
filled with debris and keratin 
reduced 1/7 


sembling those normally present in_ the 


sebaceous glands Such cysts were consid 


ered to represent a combination of a dilated 


hair follicle and a dilatation of the accom 


panying sebaceous gland. The lining of thes« 


cysts and much of their contents stained 


positive with osmic acid for fat (Fig. 15) 


lhe wall of a few cysts was lined completely 


by sebaceous gland like cells These were 


adult hairless deer 
round; 


and 


hig. 13.—Cysts in an MOUSE 
These are usually 
shaped. Hematoxylin 


from mag. < 160 


however, some are pear 


40% 


eosin; reduced 
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duced the typical “rhino” skin, as shown in 
Figure 1B. When the cysts were smaller, 
the skin surface appeared “smooth” (lig 
14). It seemed that the difference in the 
hairless mice with a smooth skin and those 
of the “rhino” type of skin was due only to 
the number and size of the cysts, In those 
hairless mice in which areas of hair still 
were present the same type of histologi 
change was found that was characteristic of 
the older completely hairless animals 
Sebaceous Glands.—-Specimens of skin 
from four normal mice, eight hairless mice 
and one mouse 3 days old, of which one pat 
ent was hairless, stained with oil blue N, re 
vealed bluish black sebaceous glands and 
hair follicular cysts. The sebaceous glands 
in the mouse 3 days of age are illustrated 
in Figure 164. They were similar in size 
and shape and had a uniform distribution 
throughout the section. The cysts in an adult 


hairless mouse are shown in Figure 162 


4 


p The large cysts in another hairless adult 

ser gs . 

2 
: mouse are notable in the darker portion of 
Fig. 14—Portion of the wall of a cyst in an 

adult hairless deer mouse. The wall is formed by 

flat epithelial cell Keratin granules are present section shows the remaining sebaceous 
in the cytoplasm of these cells. Note the keratin > 

within the lumen of this cyst. Hematoxylin and glands, from which the deeper stroma was 

eosin: reduced slightly from mag. 817 


the section, while the lighter area of this 


dissected away. There was some distortion 


of the remaining sebaceous glands; however 
thought to represent pure sebaceous gland 6 & 


their scanty number of distortions suggested 
cysts resulting from obstruction to the gland : oe —_— 


that only a minimal number had become 
and its duct 


cvsti (big 16C ) 
\ minimal amount of chronic reaction ‘ 
was present in the stroma about some of 

big 15.—Skin from an adult hairless dee 
these cysts L'sually there was no inflamma mouse The wall of the cysts and a portion of 
the wall their contents as well as the keratin on the surface 
‘ ; of the skin stain black with osmic acid. Hema 
of some of these cysts ruptured, permitting toxylin and eosin; reduced 40% from mag. «* 160 


the escape ol! keratin. and sebum that pro 


tory reaction. It would seem that 


duces the inflammatory reaction 

There was nothing to suggest why the 
wall of certain of these cysts ruptured 
Since only limited fragments of hair were 
observed in the cysts, it appeared unlikely 
that these fragments projecting through the 
wall were responsible for the ruptures 

Che pathologi il changes as developed 
within the follicles progressed until the cysts 
filled the greater portion of the corium. An 


excessive number of these larger cysts pro 


Riadon—Packchanian 





Fig. 16.—Skin from 
glands Photographed 
glands in a mouse 3 days of age. B 
the dermis beneath the 
larger 
dissected away 
torted by the 


The skin of 


hairless deer mice 


cysts simular 

the sebaceous glands may be 
larger cysts; however, many 
hairless 18, 33, 


tour mice, 


33, and 72 days old, respectively, and skin 


from control mice with hair of correspond 
ing ages when stained with oil blue N and 
examined showed normal sebaceous glands 
in all the 
mouse 72 days old 
follicle sometime be 
tween the 33d and 72d days of life. As a 


animals except for the hairless 
it appeared that the hair 
cysts became visible 
result of the presence of these large cysts 
in the deeper stroma of the skin, the more 
superficially located sebaceous glands were 
distorted 
Hairs.—A few 


present on the posterior portion of the neck 


residual hairs which were 


and on the body of two hairless mice (Fig 


218 


stained 
from the inferior surface of 
Cysts in an adult 
level of the sebaceous glands. C, 
to those in B, in an adult 
seen.) 


M. A. ARCHIVES OF PATHOLOGY 


with oil blue N, showing the sebaceous 
the dermis; 35. A, normal 


These are 


sebac eous 
located in 
on the left shows the 
(When these cysts are 
Some of these sebaceous glands are dis 


hairless mouse 
rhe darker area 


hairless deer Trmnuse 


are still present and apparently not affected 


2A and B) were removed and studied along 
with specimens of hairs from three normal 
mice, Microscopically no differences in the 
hairs were noted among these normal and 
hairless mice, It appeared that the residual 


hairs on the skin of hairless mice such as 


these were normal 


Comment 


The development of hair in normal house 
mice (M. musculus) has been studied by 
various investigators.**"*" There are cycles 
of development of hairs, with the first occur- 
ring about one month after birth. Mice born 


from hairless parents show macroscopically 
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an apparently normal pelage until about 2 to 
which time the hairs 
The fact that the 


hair begins to disappear at this time would 


3 weeks of age, at 


progressively disappear 


suggest that the primary defect may not be 


associated with hair formation. Hairless 


mice usually ce velop long claws, a factor 
disturbance in the 
Keratin, as is 


the de 


also suggesting some 


formation of keratin well 
important role in 


Leblond 


keratin 


known, plays an 
velopment of hairs has pointed 
that “hard 


formation of nails 


out enters into the 
ind the cortex and cuticle 
of the hairs, while “soft” keratin is utilized 
in the formation of the medulla of the hair 


Normally 


cytoplasm ot 


keratin granules develop in_ the 
epithelial cells as the latter 


progressively migrate from the basal layer 
of the 
cells that 


the invagination of 


dermis toward the surface.'’*" The 
follicles arise from 
cells. The 
epithelial cells that ultimately line the hair 
folli le 
similarly to that of the epithelial cell in the 
Leblond ™ 


the tonofibril is a 


form the hat 


dermal 
have the ability to form keratin 


has pointed out that 
that 


epidermis 
keratin precursor 
forms a network throughout the Malpighian 
layers of the epidermis. It may be that the 
formation in the hairless 
Martin and 


basic defect im hair 


mice is at this metabolic point 


Gardner '* fed hairless rats cystine 
cysteine and reported a regeneration of the 
Roberts *! repeated the ex 


hair; however 


periment with cysteine and failed to obtain 
any regeneration 

The present histological studies revealed 
large numbers of epithelial cells within the 
follicle 
the cytoplasm 


within 
keratin 


hair with keratin granules 


identical with the 
containing epithelial cells normally present 
Keratin-like debris 


in the stratum corneum 


continues to accumulate within the lumen of 
those hair follicles until the follicles appear 


Hairs are skin, and 


fragments of found 


as cysts absent on the 


very few hairs are 


within the lumen of these cysts, a finding 


that would indicate that probably hairs were 
not being developed within the follicles of 


the hairless animals The present mor 


phologic study does not suggest why the 


Rigdon—Packi 


santan 
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hair fails to develop, but it indicates that 


there does occur some disturbance in_ the 
metabolism of “hard” keratin, as shown by 
the large amount of keratin within the cysts 
and the presence of excessively long claws 
in the hairless mice (Fig. 1) 


sku 


“rhino,” 


considers the contour of the 
mice, M 


and “naked,” each to be a distinet 
that “the first 


| Tasct 
of hairless musculus, 
“hairless,” 
states visible 


mutation and 


abnormality in the skin of both ‘rhino’ and 
‘hairless’ mice is a hyperplasia of the strat 
fied squamous epithelium of the skin surface 


follicle neck 


hair canal Che present study indicates that 


and and a widening of the 


the earliest change is the presence of keratin 


granules within the cytoplasm of many of 
the epithelial cells lining the follicular canal, 


associated with a dilation of the follicular 


canal Such damage may be seen as early 


as the fourth day after birth 


These cysts in the skin of hairless deet 


mice may be formed either from an ob 


structed hai follicle or an obstructed 


sebaceous gland, or as a combination of an 
obstructed hair follicle and sebaceous gland 
Some of the cysts are 
When the 
and very large the skin shows the typical 


lhe 


present 


replaced by 


scar tissue cysts are so numerous 


“rhino” characteristics same type of 


histologi change 1s except to a 
the hairless dee 


still 


smaller extent in mice Ww 


which the skin is smooth 


David * attributes the loss of hair in hais 


less dee mice, where hairlessness 1s M- 


character, to the 
bulb to The 


present study would suggest that in hairless 


herited as a_ recessive 


failure of the hair form 
deer mice the hair bulb is properly formed 
however, either 
thelial 


birth or 


hyperkeratin-forming epi 


cells in the follicles are present at 


they start developing within the 
first few days of life and rapidly progress 
This may be the primary defect and accounts 
of the Dilata 
follicle downward 


bulb 


for the failure hairs to form 


tion of the progresses 


until the hair ultimately is imvolved 


atter 
bulbs 


Some hairs yrow normal 


appeal 


the first pelage; however, all the hair 





ultimately must degenerate, since the older 


hairless mice may show no hairs on the 


body except on the muzzle and no hatr 


bulbs in histologi ections 
David * 


resulted from pre 


thought that the hair canal cysts 
ssure exerted by the grow 
ing hair when its progress was impeded by 
obstruction he 


some referred frequently 


in her histologic studies to hair that ended 


blindly 
through the 


forced an exit 


that 


within the skin or 


epidermis, a feature was 


not observed in present investigation 


Kraser® pointed out that in “rhino” mice 


hair canal cysts develop in follicles that have 


never contamed an irregularly shaped hair 


shaft; the shafts of the first generation hairs 


ire straight and “rhino” follicles have never 


been observed to produce hairs after the 


juvenile pelage is lost. Yet, cyst formation 


in “rhino” mice much more extensive 


than in hairk mice with smooth skin 


Utriculus formation in “rhino” mice, a 


cording to Fraser, is an expression of the 


hyperplastic tendency of “rhino” epidermal 


tissue, since utriculi have not been observed 


in follicles without signs of hair regenera 


tion. bkormation of hair follicles and seba 


ceous gland cysts is alse 
this 


thought to be due to 
hyperplastic tendency (ysts im our 


level 


hows 


Opinion may 


follicle 


occur at any within the 


hair ligure 13 a large peat 


shaped cyst with the occlusion at the pom 


follicle 
skin Vhi 


fact 


where the hair opens onto the sur 


face ot the peculiar shape may 


be due to the that the pressure within 


the cyst is enough to overcome the 


resistance 


offered by the urrounding stroma except 


for that portion lying in the epidermis and 


adjacent dermi 


rom the present histologic study, as well 


is trom those of David® and Fraser.® it 


would appear that the ebaceous glands are 


not prin irily affected in hairless mice They 


ire trequently distorted as a result of pres 


sure from the 


large cyst The wall of a 


tew of the cysts apparently ruptures, pet 


mitting the escape of the keratin and seba 


ceous maternal into the adjacent stroma 


An inflammatory reactio i\ develop mn 


ny) 


1M {ROHIVES OF PATHOLOG) 


such areas. Other than this specific inflam 


matory reaction, there is essentially no 


inflammatory I 
cysts \ 


present histologic studies have shown masses 


response to the presence © 


these few areas of skin in the 
of melanin-like pigment in the corium, ap 


parently resulting from degenerated hairs 


associated with a minimal chronic reaction 
lraser frequently found fragments of hairs 
penetrating the wall of hair follicular cysts 


This 


present 


finding was not confirmed by _ the 


study 


Summary 


The 


hairless 


skin of 


maniculatus 


histologic changes in the 


mice ( Peromyscus 


gambeli ) are described The primary defect 
in the epithelial cells of the 
rhe 


observed are 


appears to be 


hair follicle earliest morphological 


changes basophilic granules 


within the cytoplasm of the epithelial cells 
cytoplasm of the 


These granules in_ the 


epithelial cells lining the follicles continu 


to be present throughout the life of these 


hairless mice 


Accompanying these changes in_ the 
epithelial cells is a progressive accumulation 
of keratin-like debris 


follicles Many of the 


within the lumen ot 


the hat hairs fail 
to develop following the first pelage. Some 
hair bulbs remain viable for varying periods 
degenerate 


of time, but ultimately all 


accumulates in the hair canals, re 


cyst like 


\pparently the pressure within the 


Keratin 


sulting im dilatations of the hau 
follicles 
lumen of these hair follicles 1s greater than 
that offered by the surrounding stroma ex 
cept in that area adjacent to the epidermis 


\s a 


many of 


this variation in resistance 


“neck-like” con 


striction in the area of the epidermis. Ac 


result of 
the cysts show a 


companying the dilatation of the hair canal 
there also occur a dilatation of the assoc iated 
sebaceous glands 


Che 
adult 


cysts that are so characteristic of 
may 


dilated 


hairless mice apparently be 


formed by either a hair follicle, a 


dilated sebaceous gland, or a combination of 


the two. The primary defect in this colony 
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of hairless deer mice (P. maniculatus gam 


beli) would appear to be found in the keratin 


formation within the epithelial cells of the 


hair follicle and in the formation of thei 


claws 
All other 


of these 


changes that occur in the skin 


hairless mice would appeal! to be 


secondary to the formation of excessive 


amounts of keratin 
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Leptomeningitis Due to Sporotrichum Schenckii 


EMITT H. SHOEMAKER, M.D.; HUGH D. BENNETT, M.D.; WILLIAM 5S. FIELDS, M.D.; 
FRANCES C. WHITCOMB, M.S., and BELA HALPERT, M.D., Houston, Texas 


he awareness of possible fungus etiology 


of leptomeningitis is yielding an ever-in 


creasing number and variety of clinically 


recognized cases of mycotic involvement 


of the central nervous system. Sporotrichum 
schenckti, usually producing a focal infection 


of subcutaneous tissues and rarely system 


involvement, may be the causative agent 


of leptomeningitis. It appears, however, that 


of the few cases reported as Sporotrichum 


meningoencephalitis, some were not due to 


S. schenckii.' In this paper the clinical 


observations and findings at necropsy are 


presented of a patient in whom S. schenckii 
fluid 
This is believed to be the second 


was tsolated from the cerebrospinal 
during life 


such case on record 


Report of Case 


\ old 


itted to the Administration 


white used-car salesman was ad 
Hospital 
on April ; had been well until two years 
hil 


prior to s10n hen, while lifting a heavy 


object, he t ain in the lumbar region 


he pain later radiated into the posterior aspect 


of both thigt nd hospitalized for 
vermated nucleu 


established 


by myeclog | " ! d with bed rest 


three weel witl 


pulposu ) | { h lo dlise, 


ondition improved 
bacl 


with 


twice im the 
he ground 
he experienced 
in both lower 

d progressive 
veloped in the 
rior to admission 
in, with loss of 
ental confusion, 


und ataxia wi re ln d mental de 
| March ll, 
Medicine, Neurology, 


Subenitte for publicatior 1957 
Lh partn ents ot 


Patl 


ind the Vete rans’ 


From the 
Microbiology ind 
Medicine, 


tw Hospit il 


Baylor University 


Hoy, 


College of Administra 


terioration, and he had olfactory hallucinations 


Anorexia and postprandial epigastric pain, relieved 
by vomiting, had been present for one month. The 
patient had a weight loss « 4 Ib. Dysuria, nox 


turia, and frequency of urination were noted for 


three weeks 

Chronic nasal obstruction and seasonal allerg« 
rhinitis had been a problem for most of his adult 
life. The patient had a history of hypertension of 
10 years’ duration. Severe dental caries and 
alveolar pyorrhea had been present for five years 
was ruptured 


An appendectomy performed for 


appendix in 1929. He knew of no other serious 
lived in 
14 years and for the past 2 
He had 


been drinking approximately 1 pt. of whisky per 
da for 10 to 15 smoked 40 to 50 


medical or surgical diseases. He had 


Houston, Texas, for 
years had not been out of the vicinity 
years and 
cigarettes daily 
At the time of admission the patient was well 


developed and fairly well nourished. He demon 


marked 


chronically il 


strated flattening of affect and appeared 
He answered questions slowly but 
appropriately. The oral temperature was 98.8 F; 
92, and blood 170/120 mm 


Hg. There was excessive perspiration and tremor 


pulse rate, pressure, 


of the hands. There was no nuchal rigidity. Ex- 


amination of the heart and lungs revealed no 


abnornal findings Lhe abdomen was scaphoid 


The prostate was symmetrically enlarged and 
tender No 
logical examination, 


The leukocyte 


62%, lyn 


noted on 
fields 


with neutrophilic 


ibnormalities were neuro- 


including visual 
count was 6500 


granulocytes phocytes 28%, monocytes 


9%, and basophilic . ranulocyte a 


he erythro 
4,500,000, wit y gi 


count was re of hemo 
per 100 cc. of blood and a hematocrit read 
13% The platelet count was 290,000 per 
cubic millimeter 


Bleeding time was two minutes, 


coagulation time, six minutes. Urinalysis 


a specific gravity of 1.017, with a pH 
trace of albumin, and granular casts 
100 «x 
chlorides 
100 «x 


combining 


lood urea nitrogen was 11 mg. pet 
sugar, 131 mg. per 100 c 


8&8 mq 


blood serum 


per liter; calcium, 9.4 mg. per 
100 «x 


phosphorus, COs, 


3.8 mg. pet 


power, 32 mEq. per liter; serum sodium, 139 


mEq per liter, and potassium, 3.8 mEq per 


witl 


VDRL floc 


liter Total serum 
albumin 4.2 gm. per 100 cx The 


proteins were 62 gm., 





LEPTOMENINGITIS 


culation test was weakly positive, but the 


standard Kahn test and Kolmer complement-fixa 


tion test were negative Agglutination tests for 


typhoid, paratyphoid, and brucellosis were also 


negative. The 
skin 


test was 


tuberculin, blastomycin, and coccid 


ioidin tests were negative. The histoplasmin 


100 dilution. A positive 
1000 dilution of 


an autogenous vaccine prepared using the mycelium 


positive to a | 
skin test was also obtained to a 1 
phase of the S. schenckii recovered from the cere 
brospinal fluid on May 27. Proteus ammoniae and 
Aerobacter aerogenes were isolated from the urine 
during the period of hospitalization 

S. schenckii was 
spinal fluid on Sabouraud’s glucose agar on 
27, 1954, in both the 


mycelium phase at 25 ( 


first isolated from the cerebro 
May 


yeast phase at 37 C and the 
This same organism was 
from the 


isolated cerebrospinal fluid also on Aug 


27 and on Sept. 16 


Roentgenograms of the chest were normal 
Those of the spine revealed advanced osteoarthritic 
changes, and those of the gastrointestinal! 
Skull 
was calcified and in usual 


May 18 


Pneumoencephalo 


tract 


disclosed no abnormalities films were 


normal; the pineal body 


A left 
interpreted as 


position carotid arteriogram on 


was normal 
graphic examination on May 24 after the injection 
of 45 cc. of oxygen disclosed symmetrical dilata 
third 


normal 


tion of the lateral ventricles and of the 


ventricle Che fourth ventricle was oft 


size, and there was no displacement or distortion 


of the ventricular ster Electroencephalographic 
revealed 
slow activity An 

1 


voltage slow-wave 


examination on May generalized 


moderately intermittent low 
present in the left 
May 


ft temporal slow activity, 


was 


anterior temporal region. By 10 there was a 


marked increase in the le 


ind a frontal dominant paroxysmal slow (4) wave 


focus had developed. There was also 


lune 10 


more gen 


eralized slow activi B generalized 


slow activity wit much paroxysmal frontal 


lominant hiel yl vyo-and-one-half to three 


1 | 


ctivits ha le eloped 


iund-one 
f ] Sf ital 


| 
mental depression, arm 
| 


hallucinatior developed 


luid Findings 


DUE TO SS. SCHENCKIT 


in a Patient 
Sporotrichum 


On May 8 right-sided motor weakness appeared 


Hyperactive deep-tendon reflexes and hyperesthesia 
on the same side 


were also noted. Dysphasia was 


present 
On May 10 a 
Che fluid 


Laboratory 


lumbar puncture was performed 


dynamics and pressure normal 


were 
lata on this and 
lable 
May 26, 


stupor, and 


subsequent spinal 


fluids are recorded in the After pneumoen 


cephalography on peripheral arterial 


hypertension, 
marked \ 


normal 


bradypnea became 


right occipital trephination revealed 


intraventricular pressure rhe 


sensorium and neurologica 


patient's 
| signs improved tempo 


rarily after this procedure. On June 1 a Foley 


catheter was inserted. Catheter drainage was 


necessary thereafter, and febrile 


intermittent 
episodes associated with pyuria occurred 


After isolation of S. schenckii from the cerebro- 


spinal fluid, saturated solution of potassium iodide, 
15 drops t. i. d., June 16 and 


a maximum tolerable dose of 


was begun on 


rapidly increased to 
50 drops tid 


1955 


This was continued until Jan. 7, 
Secause of failure to respond to iodides, 2 


hydroxystilbamadine, 250 mg. daily, started 


Typhoid 
vaccine was given on alternate days from Nov. 3 
1954, Nov. 13, 1954 
perature elevation to 103 F 90 minutes after in 


was 


on Dec, 7 and until Dec. 27 


continued 


through Chis caused a tem- 


jection. The times of administration of the various 


antibiotic and chemotherapeutic agents are depicted 


in Figure | 


The patient's general condition slowly 


deterio 


rated, with signs of progressive central nervous 


Grade 3 


Severe 


system involvement On Der 12 a 


heard 


tachycardia, 


systolic mitral murmur 


shock 


was hrst 


dyspnea, cyanosis, amd 


sem 


Myo 


with 


coma developed suddenly on Jan. 8, 1955 


cardial infarction or pulmonary infarction 


pulmonary edema was suspected, and arterenol and 


given, A 


next 


other supportive 1 res were trache 


ostot was peri« d. For the 10 days some 


improvement in general condition occurred, 


but on lar ra wain heard in the left 


interior lung b | pyrexia of 105 F was re 


corded ' ur ose to 104.6 F, and periph 


with Leptomeningitis Due t 
Schencku 


Opening 

or Pressure 
Mn 
Me 
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Fig 


intibiotn 


and laboratory 


ind chemotherapeutic 


Pertinent clinical 


agents 


circulator 


Vhe 


eral collapse to arterenol 


lan. 20, 


unresponsive 


developed patient died on 1955 


Demonstration of the Organism 


A bout ml. of the fluid 


rpm 


cere brospinal 
3500 


Francis’ 


was 
rhe 


dex 


centrifuged for 20 minutes at 


sediment was imoculated on cystine 
trose agar medium contaimmg 20 units of penicil 
Wy of 


om Sabouraud’s dextrose 


lin and streptomycin per millimeter and 


agar medium, four tubes 
incubated 
fifth day 


incubated at 37 ¢ 


each Iwo of each of these tubes were 


at 37 © and two »S ( Corp the follow 


ing moculation the media 


smooth moist white lomes appeared. On micro 


copic examimation of a wet 


t torn 


mount single budding 


yea were observed and thought to be 


Blastomvee dermatitid ( the seventh da 


colored growt!l d oon the culture 


incubated at 25 oloni 


grew the center 


larkene 1 te w net ! becan folde | 


und wrinkle took on a leather 


‘pp 


cunt «le 


irance roscopically i a wet 


eptate ! ypl A fl iW 


| ’u to 4a long were 


ameter a vi conidia 


rome lirect! trom 


‘ lateral 


data and times of administration of various 


conimdophores in clusters cl 


(Fig 4) 


iracterist 


schencku 
N ec ropsy 


At necropsy, three hours death, there 


decubital 


alter was 
over the 


fluid in 


marked emaciation 
8x Ss 


peritoneal, 


and a ulcer 


sacrum, cm. There was no excess 


the and 


pericardial, pleural cavities 
On the edges of each aortic cusp there were firmly 
attached 


05 


rubbery 
The 
consolidation in the 
the bladder was thickened and 
he distal the 
occluded by a The 


300 gm. and was adherent t 


hemorrhagn vegetations 


S00 


up to 


cm right lung weighed gm., with 


lobe. The 


areas of lower 


mucosa ot urinary 


in places 


hemorrhag« end ot 


right ureter was concretion 


right kidney weighed 


its surroundings. On cut surfaces cystic areas 


ind 6 cm. in diameter, respe contained 
] 


purulent liquid. The calyces \ ul ureter were 


dilated, and tl were purple 


The brain weighe 
was transparent over 


cerebral he 


Opac ue ove; 


the al 








LEPTOMENINGITI r TO SCHENCKII 


Giant colony of S. schenckii about one month after inoculation grown 
leathery appearance, with the center folded and wrinkled 


course of blood vessel There was no cerebellar the white matter The posterior horns of the 
pressure cone, and there were no tentorial pressure lateral ventricles were spacious. On cut surface 
grooves or herniations. On frontal cut surfaces of of the midbrain just anterior to the pons the 


the cerebral hemispheres at the level of the opti aqueduct of Sylvius was oval and O02 cm. 
chiasm the lateral and third ventricles were of diameter. The substantia nigra was discernible, On 
usual size, and the pattern of the gray and white cut surfaces of the vermis cerebelli the usua 


matter was The capillanes ap leaflike pattern was noted. No change was see 


Similar appearance on the cut surfaces of the pon and medull 


peared 
was noted irfaces 3.5 cm. anteriorly. On oblongata except for accentuation of the vesse 
ut surfaces to the optic chiasn ind the film of exudate on the surface 

there was an discoloration u 

Vicroscopic Findings 


the right lenticu icleu } in diameter 


(on cut surt further posteri 
(On mu roscopic examination the ve geta 
accentua 


tion on the aorts al ¢ Was composed o?ran 








ot Sd 
cotton blue ; 


schenckii grown 
reduced 3/10 


Fig. 3.—Slide culture 


it 25 C and stained wit! 
irom mag < AMO 


amorphous pink substance interspersed by 
surounded by newly 


tissue No 


deep blue granules 


formed connective organisms 


were definitely identifiable. In the lung the 


bronchial lumina and air spaces contained 


a fibrinopurulent exudate. Other alveoli 


were filled with a pink coagulum or ghosts 


of erythrocytes. In the right kidney the 


pattern in places was obliterated by aggre 
gates of neutrophilic granulocytes amounting 


to small abscesses. (Granuloc ytes were also 


in tubules and in the surrounding stroma 
In some Pacchionian bodies focal aggregates 


of lymphocytes, cells, and large 


plasma 


mononuclear cells were noted, In the cervi 


cal spinal leptomeninx there were similar 


infiltrations in places They were also 


present in some of the Virchow-Robin 


spaces of the medulla oblongata. Here there 


IRCHIVES OF PATHOLOG) 


Fig. 4—Granulomatous lesion sroduced by § 
schenckii in the leptomeninx. A central necro 
area containing organisms is bordered by jatsad 
ing epithelioid cells. This, in turn, fades into a 
zone of hyalinizing fibrous connective tissue sur 
rounded by infiltrations, with many plasma cells, 
lymphocytes, and large mononuclear cells. Outside 
of this are patches of pink amorphous islands and 
infiltrations of few cells in Virchow-Robin spaces 
These are not present in the spaces of the substance 


of the pons; reduced % from mag. 80 


were also occasional focal extravasations of 
erythrocytes. In the pons the distribution of 


cells and fibers was as usual. The lumen of 


the basilar artery was markedly narrowed 


by intimal thickening and hyalin change in 
the intima and media involving half of the 


circumference. In the surrounding space 


Fig. 6.—-In the center of the necrotic area the 


rganisms can clearly be made out, appearing as 
oval or rounded bodies containing a round or oval 
nucleus with a halo of lighter stained substance 
vith no definite cell membrane. Photomicrograpl 
taken at the Armed Forces Institute of Patholog 
le stain; reduced 3/10 from 1 132 
70-4968 ) 


64, August 





LEPTOMENINGITI . 


necrosis bor 
In the 


nuclear 


there were extensive areas of 
dered by palisading epithelioid cells 


centers of these were cellular and 


fragments with scattered neutrophilic granu 
glomus 


locytes (Figs. 4 and 5). In the 


chorioideum aggregates of lymphocytes, 


large mononuclear cells 


were seen with occasional giant cells of the 


plasma cells, and 


Langhans type. In none of the granuloma 


tous lesions could the organisms be demon 


strated with certainty im _ preparations 


stained with hematoxylin and eosin; how 
ever, in periodic acid-Schiff stains and Grid 


ley stains (Fig. 6) the organism of S 


schenckii could be made out 
Anatomic Diagnosis 


Che pertinent findings in the anatomic diagnosis 


were as follows: leptomeningitis—chronic, sporo 


trichoti aortic valvulitis—chronic and acute, 


vegetative; cystitis—chronic, with calculi; obstruc 


tion of ureter—right, with ureteritis and pyelone 


phritis with abscesses; bronchitis and bronchiolitis 


acute, with pneumomia, focal, right; infarct in 


lung—left; emaciation with decubital ulcer of 


acrum:; an car of appendectomy 


Comment 


\ccording to a recent review by Geraci 


and co-workers,' there is reasonable doubt 


that the few cases of sporotrichosis reported 
to involve the central nervous system were 
due to S. schencki The case reported by 
1954,? 


applied to a variant of S 


\ufdermauer, in as S. gougeroti, a 


name one time 


schenckii, was, according to Emmons,’ due 


to another organism, Cladosporium trich 


oides. Such a case was first reported by 


Binford and co-workers,* in 1952 


The 


occasions tro 


organism isolated on three different 
m the cerebrospinal fluid of our 
patient had the morphologic and cultural 
characteristics of schenckii and was iden 
tified as such \ 


was submitted to 


ubculture of the organism 


Chester W 


Emmons, 


SCHENCKII 


Ph.D., National Institute of Health, Bethes 
da, Md., who concurred with the identifica 
tion that isolation and 


Thus, we believed 


identification of S. schenckii as the causative 
agent of leptomeningitis in man was estab 
lished for the first time However, the 
report of Geraci and co-workers published 
that observations 


Theis had 


while in our patient only the 


recently indicates their 


preceded ours.' however, 
skin 
central 


added 


stration of the organism in the granuloma- 


case, 
lesions, 
nervous system 


was involved. An 


feature of our case was the demon- 


tous lesions of the leptomeninx 


Summary 


rhe 


nec ropsy 


clinical history and observations at 
are reported in a patient in whom 
the diagnosis of leptomeningitis due to 
Sporotrichum schenckii was made by cul 
turing the organism from the cerebrospinal 
fluid 


in the granulomatous lesion of the lepto 
that 


The organism was also demonstrated 


meninx. It 1s believed this is the 
second reported instance of leptomeningitis 


due to S. schenckii, diagnosed during life 


Veterans’ Administration 


combe Blvd (31) (Dr 


Hospital, 2002 Hol 


Halpert) 
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Effect of Digitalis on Incidence of Myocardial Lesions 


in Potassium-Deficient Rats 


JOHN G. ROBINSON, M.D.; JESSE E. EDWARDS, M.D.; 


HOWARD 6B. BURCHELL, M.D., Rochester, Minn. 


It has 
deficiency im 


the 


been established ! that potassium 


the rat results in foci of 


necrosis im myocardium. lurthermore, 


the ettects 


the 


some relationship between of 


digitalis and of potassium upon myo 


cardium of man and certain experimental 


by 


demonstrated This is 


tacts l 


animals been 


indicated these Digitalis when 


administered in toxic doses decreases the 


potassium content of (a) heart muscle im 
the intact dog,” (>) isolated strips of ventri 
of the 
perfused rabbit heart and ventricular muscle 
of the 


possible 


ular muscle the turtle? and (c) 


heart-lung 


abolish 


11 


preparation.” 2. It is 


to ventricular premature 


contractions and auricular tachycardia 


with block '* in cases of digitalis toxicity in 
man by the administration of potassium salts 

rhe following report is concerned primat 
of the 
the 


influence 
of 


ily with determination 


exerted by occurrence 
the 


although data are also 


digitalis on 


myocardial lesions induced in rat by 


potassium deficiency 


(1) 


potassium 


biochemical estimations of 
of 


potassium-deficient 


included on 


sodium = and content heart 


muscle in normal and 


rats, (2) the results of a pathologic study 
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GEORGE M. HIGGINS, Ph.D., and 


of hearts of persons who died of idiopathy 


chronic ulcerative colitis and whose hearts 


studied in an effort to find evidence of 
the 
electrocardiographi« 


were 


potassium-deficiency lesions in human 


heart, and (3) studies 


in the potassium-deficient rat 


Pathologic Study of Myocardium of Rat 


in Potassium Deficiency 


\ll animals used in this study were wean 
ling male albino rats of the Sprague-Dawley 
strain. They were divided into four main 
groups and treated as follows Group 1 re 
ceived a control diet and varying doses of 
Group 2 the 

the 


potassium-deficient diet, and Group 4 re 


digitalis glycosides received 


control diet only; Group 3 received 
ceived the potassium-deficient diet and vary 
ing doses of digitalis glycosides 

Four main experiments of different dura 
Although 
the length of the experiments and the dosage 
ot 


tions were arranged (Table 1) 


digitalis varied, there was a common 
pattern of procedure for all the experiments 
Che diets were constructed largely according 
Smith 


ingredients common to 


to the plan outlined by and 
The 


control 


asso 


ciates.® basi 


both and potassium-deficient diets 


were casein, sucrose, cottonseed oil, and 


cod liver oil lo the above was added the 
appropriate salt mixture 
diet 


ingredients 


rhus, the potas 
of the 


was 


four 
added 
of 3% 


control diet consisted 


sium-deficient consisted 


basic to which 


potassium-free salt in the amount 


of the diet, while the 


of the same four basic ingredients to which 


was added, in the amount of 4% of the diet. 


a salt mixture of which 25% was potassium 


phosphate. In addition, all animals received 





TON M 


an a 


ur 
irdia 


rperiment 


Leswns in 


Digitali 
ut Units ( 
r Day* +1 


*Giiven to Cire 
tFor the entire 15d 
tFor nine days onl 


ups A 


supplementary itan b twice 
veekly 

Che digitalis preparation used was either 
cited by 


lethal dose 


n complex 


by stomach tub 


digoxin or digitoxin. Chen, as 


Salter,’ has recorded tl 


of 


w Mean 


digitoxin for cats as 325y+11.5y pet 


ot 


alue 1s 231, 


body weight; for digoxin this 


-O 


kilogran 


5 


tach digitalis prepara 


tion was given subcutaneously or 


intra 


per itoneally 


section throug! 


| 


toxylin ar 


eosin: xX 8&8 


howing necrotic muscle 


P 


mtrol Diet 


and cellular 


YOCARDIUM 


fect Ligitals Incidence 


t Rats 


m n" 


fasstum-leficten 


A 
kK - Deficient 


Pigital Diet Only 


\t 
killed in a 
The hearts 


the 


appropriate intervals, the rats were 


cabinet containing ether vapor 


were removed and sectioned in 


coronal plane, thus producing anterior 
and posterior halves, 


The half 


24 hours in formalin and then embedded in 


roughly equal in size 


anterior in each case was fixed for 


paraffin. One microscopic section was made 


of each heart, but this one section was 


both 


sa) 


taken that it included the walls of 


he 
(ph) 


irt ot rat howing wrta and tour 


Lesions of potassium deficien m | 


infiltrate. Hematoxylin and eosin; 





IRCHIVES OF PATHOLOG) 


----- Potassium deficient diet(4 rats) 
— Control diet (3Srats) 


Difference iW weight 


itria and ventricles with their corresponding 
Each 


with hematoxylin and eosin and examined 


epta (Tig. la) section was stained 
for lesions (Fig. 1b) 


lhe rats were weighed daily. As shown 


in bigure 2, 


rats on the potassium-deficient 
diet failed to gain weight, while the control 
rats gained normally 

I.XPERIMENT 1.—-The rats in this experi 
ment were kept on their diets for 15 days 
and were subdivided and grouped as shown 
in Table 1. In Experiment la, 
\ and D received 2 cat units (0.46 


mg. per kilogram of body weight) of digoxin 


rats in 


(sroups 


per day for the entire period, while in Ex 


periment Ib the rats in 


Groups A and D 
(0.92 


received 4 cat units mg/kg.) of 
digoxin for nine days 
Table pa 


rats on 


Suk h 


\s shown in myocardial lesions 


did not appear in the control diet 


(Groups A and B) lesions did de 


velop, however, in rats on potassium-defi 


230 


-- 
-* 
Fane tt e5He 


10 


Days 


between control and potassi 


and DD) whether or 


Thus, in Ex 


cient diets ( Groups ( 


not they received digitalis 
periment la, 71% of the rats in Group C 
and 100% of those in Group D had myo 
cardial lesions, whereas in Experiment 1b, 
5% of the 45% 
of those in Group D had such lesions 


EXPERIMENT 2 


rats in Group C and 
The rats in this experi 
ment were kept on their diets for 12 days, 
and those in Groups A and D received 2 cat 
units (0.46 mg/kg.) of digoxin per day for 
the entire 12 days (Table 1) 

Table 2, 
did not develop in the rats on the control 
\ and B) 
velop, however, in rats on the potassium 
diet and D) 


or not they received digitalis 


As shown in myocardial lesions 


diet (Groups Lesions did de 


deficient (Groups ¢ whether 


I.XPERIMENT 3.—-The rats in this experi 
potassium-deficient 
effects of 


ment were kept on the 
diet for 10 days 


and varying amounts of digitalis glycosides 


and the high 
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DIGITALIS—K DEFICIENCY EFFECT ON MYOCARDIUM 


were explored. In Experiments 1 and 2 
the particular doses of digoxin used ap- 
parently had no effect upon the occurrence 


of myocardial lesions; therefore, in [experi 


ment 3 the efficacy of much higher doses of 


a digitalis glycoside was studied. The rats 


in this experiment correspond to those of 


Surviving Rats 


Group D of Experiments 1 and 2 in that 


Experiment 4 
7 Days on Diet 


each received the potassium-deficient diet 
and a digitalis glycoside 

Forty rats were divided into four series of 
10 each and were given digoxin in _ the 
amounts indicated in Table 1 The drug 


was given both intraperitoneally and sub 


Per Cent 


cutaneously on the fourth, fifth, and sixth 


days after the rats started to receive the 


Incidence 
ment 3 


potassium-deficient diet Because of the 


Experin 


10 Days on Diet 


rather high morbidity and mortality, and 
because of the possible deleterious effect of 
the high proportion of aleohol (70% ) in the 
preparation of digoxin used, administration 
of this agent was discontinued and digitoxin 


in a preparation containing 49% alcohol 


tasstum-Dr 


Diet 


was given on the eighth and ninth days, in 


n 


the same dosage in terms of cat units, 


~ 


namely, 1.95, 2.70, 2.90, and 3.90 mg per 


Experiment 2 
12 Days on 


kilogram of body weight. Thirty-three of 
the forty rats survived and were killed on 
the 10th day 


As shown in Table 2, myocardial lesions 


= 
= 
— 
pe 
ea) 


mr 


} 


typical of potassium deficiency were ob 


served in 22% of the surviving animals that 


ng Rats 


received 6 cat units of digitalis glycoside 


per day, in 50% of those receiving 8 cat 


Survivi 


units, in 75% of those receiving 10 cat units, 


5 Days on Diet 


i 


and in 50% of those receiving 12 cat units 


Experiment | (a and b 


I.XPERIMENT 4.—-In this experiment the 
rats were kept on their diets for seven days. 
he rats in Group A received 2 cat units 
(0.65 mg/kg.) of digitoxin per day, while 
those in Group D were subdivided into two 
subgroups and given 2 and 4 cat units, 
respectively per day (Table 1) All that 
survived were killed after seven day 

As shown in Table 2, none of the rats that 
received the control diet and digitalis (Group 
\) had myocardial lesions. On the other 
hand, 20% of the rats that received only 


a potassium-deficient diet (Group C) had 
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uch lesions. Of the surviving rats that 


rece ived both a pot issium defi ent chet and 


digitalis (Group D), none that received 2 


cat units per day and only 8% that received 


+ cat units per day had myocardial lesions 


Biochemical Estimation of Sodium and 
Potassium Content of Heart Muscle in 
Normal and Potassium-Deficient Rats 


At the 
half of 


time of necropsy, the posterior 


rinsed in isotoni 
blotted 


freezing for 


each heart was 


( hlor cle 


preserved by 


odium solution dry 


weighed, and 


subsequent analysis of its sodium = and 


potassium content These analyses* were 


method in which the 
used Phe 
and DD) 


individual 


done by the wet-ash 


flame photometer ! specimens 


group | \ Bh, were 


in each 
pooled in units of two to five 
samples of heart. There were 9 such pools 


in Group A, 5 in Group B, 13 in Group ¢ 


ind 12 in Group D. The number of days 
on the particular regimen varied from 7 to 
12, with an average of 10 days. Each pooled 
unit was digested with nitric acid and oxi 
dized with perchloric acid. The solution in 
was diluted with water and added 
flarne 


which calibrations of 


f ich case 


directly to the photometer, from 


odium and potassium 
results were calculated in 


were made Phe 


terms of milliequivalents of electrolyte pet 
kilogram of fresh tissue 

The results of this study are condensed 
Tables 3 and 4. As 


content of the heart 


into shown, the potas 


sium muscle in the 


groups (C and DD) on the potassium-de 
ficient diet wa 
the group \ and B) fed the 


In addition 


ignificantly lower than that 
control 
noticeable 


there was a 


of Biochemistr 


um and dum { 


Ceroups 1 


K, mEq. per Kg 


Girouy 


Mear 
Aand B 
Cand D 
Difference 
*Difference | 


>> 


nient 
md B and Gr 


of Heart Weight 


!. M {ROHIVES OF PATHOLOG) 


reciprocal change in the sodium content ; that 
is, the sodium content of the heart muscle in 
the potassium-deficient groups was higher 
As indicated 


significant dif 


than that in the control groups 
in Table 4, 


ferences in the 


there were no 


sodium content of the heart 


muscle between rats of Group A and thos 


of Group B, or between the rats of Group 


C and those of Group D; however, the 


corresponding differences in respect to potas 


sium were statistically significant 


Pathologic Study of Human Hearts 
in Chronic Ulcerative Colitis 


In 74 cases in which death from idiopathi 


chronic ulcerative colitis had occurred in the 


years 1940 through 1951, one to four micro 


scopic sections of the myocardium per case 


were examined for the presence of lesions 


similar to those seen in the potassium -de 


ficient rat. In 58 of these cases the patient 


had active disease at the time of death, 38 


having peritonitis. Although positive proof 
hand in any of 


that 


ot hypokalemia was not al 


thes« seems safe to assume 


cases, rt 


some of the patients died in a potassium 


depleted state Wie 


myocardial 


were unable, however, to 


demonstrate a lesion that could 
be attributed to potassium deficiency in any 
of the sections examined 

Electrocardiographic Observations 


in Rats 


lectrocardiograms were recorded on rats 
Group A 
diet 


2 to 4 cat units (0.65 to 


grouped and treated as follows 


four animals given the control plus 


digitoxin in doses of 


1.30 mg/kg.) daily; Group B: three animals 


given the control diet only; Group ¢ SIX 


inimals given the potassium-deficient diet 


only; Group D: four animals given the 


Differences Betwe 


f Hearts Showmg 
ups © and I) 


j. per Kg. of Heart Weight 
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potassium-deficient diet plus digitoxin in the 
A. Six 


three 


as described in Group 
the 


same dosage 


leads were used in each 


ids 
1s 


animals 


case 
the 
\ll tracings were made 


standard limb k ind augmented 


unipolar limb lea 


while the were under ether anes 


thesia. Tracing paper was run at a speed of 


75 mm. per second. Control tracings were 


made prior to the experiment and during the 


course of the experiment intervals of 24 


13 17 


significant electrocardiograph 


at 


hours and 3, 6 ind days 


Definitely 
that 


hanges could be positively attributed 


to the effects of potassium deficiency or of 


digitalis were not demonstrated in any of 


Pracings for two representa 


the 


ved 
and digitoxin (Group D) 
the 13th day, 


are 


ive animals that ce potassium 


deficient diet are 


shown Figure 3a. On the 


P-R 


longe d 


somewhat 


the 


and ORS interva 
Me 

In | 

standard leads of a rat 


l3th day of, 


pro 


3) are shown three 


igure 
to, and on the 


and 2 cat units 


No signi 


prior 
i control diet 
(0.65 mg/kg.) of digitoxin daily 


heant changes ident 


ire ¢ 


Comment 


the 


rats in these experiments conformed 


lhe 
the 


to the 


mor myocardial lesions 


phology al 
it 


cle scription i 


y previous iuthers 


ach lesion ted of necrotic muscle 


con 


almost entirely replaced by densely 
nfhiltrated mononuclear leukocytes and tissue 
ions tended to be small 
ud 
nore wick spre ad and |e 


the 


Cannon ** to 


phagocytes. larly k 


ind focal, wherea anced lesions were 


ibed 


be en 


ss well circumsct 
intake 


incre 


Increasing sodiun has 


shown by ase the number 


t potassiun deficiency lesions, as well as 


mn ind dium (€ ontent 


1 and Group B 


uf 


kK, mEq. per Ke 


Mear 


1.24134 
69.140.6 
. 


WV Or 


md Retween 


IRDIUM 


affecting their morphologic appearance. Our 
attempts to shorten the appearance time of 
potassium-deficiency lesions by the daily 
subcutaneous injection of 192 mg. of sodium 
chloride in 12 rats were unsuccessful 

The effects of the potassium deficient diet 
were apparent within several days after the 


he 
the 


it obvious 


ot 


started on most 


the 


rats were 


sign was failure rats to gain 


weight, as compared with rats on the control 
whose growth and gain proceeded ata 


the 


chet 


Rats on pota 


(Fig. 2) 


ce t 


normal rate 


sium-deficient also exhibited hypera 


tivity, irritability, and unusual alertness 
As has been emphasized in the past the 


rat is notoriously resistant to the effects of 


digitalis and can tolerate enormous doses.’""' 


Che lethal dose of digitoxin for the rat (& 


20 that for 


10 


mg/kg.) is more than times 


the cat (about 0.35 mg/kg.) and about 


times that of the guinea pig. Because ot 


this inherent resistance, the cat, rabbit, o1 


better « 


th 


guinea pig might possibly prove 


perimental animals for a project of 


kind 
jum and odiun 


be 


solution 


In the estimation of potas 


content of heart muscle, it 1s to noted 


isotonic sodium chlorick wis 


the 


that 


used in preparation of specimens of 


myocardium Though each re 


sodium content of the 


specimen 


Cel the same treatment values for the 


heart muscle may well 


the saline wash 


17.19 


have been affected by 


Re | veral obser ers concut inn the belhef 
that lesions of potassium deficiency can de 
Phe 


obtained 


74 


velop in the human heart significance 


of the negative results we tron 


examination of the hearts of 


died 


colith ' 


pati nt 


who of idiopathic chronic ulcerative 


in doubt, since we do not know 


f Heart h 
up ( 


Differencs 


up I) 


mwmnd 


Gy? and Gy? 


of Heart Weight f Heart Weight 


Kange 


Kange 


73464 O4 49-414 
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Control 13 Days 


Kat D4 
Lead II 


Ni Na SNL ie! 


Rat D7 
Lead II 








a 





Control 


wNafealaceA aphasia 


i 


Lead II Nid edanl NAM 


ANNAN, NA 


Lead | 


b 


Fig. 3.—(a) Electrocardiograms of two rats taken prior to, and on 13th day of, regimen 


| cat umits of digitoxin daily. (b) Electrocardiogram of rat 
g 


potassiut let ‘ it ind 2 


m regime ntr liet and 2 cat units of digitoxin daily, showing three standard leads 


lracinws taken on lot la of rewumen are shown with control tracing 


whether potassium depletion was definitely the P-R and QRS intervals were slightly 


present in an appreciable number of cases prolonged in 80% of our tracings taken on 


Yearson and associates *” reported definite . 
Pearson a sags" potassium-deficient rats, we feel that the 
electrocardiographic abnormalities in potas ; ; 
order of magnitude of the increase was too 
sium-deficient rats characterized by varying 

degrees of atrioventricular and intraventric slight to be considered of significance in so 


ular block and T-wave changes. Although small a series of animals 


ru 1. 64, August, 1957 





DIGITALIS—K DE! VCY EFFECT ON 


Summary and Conclusions 


In a pathologic study of the myocardium 


of potassium-defi ent rats we could not 


demonstrate any relationship between the 


administration of digitalis and the incidence 
or the 


appearance of lesions due to potas 


sium deficiency. Apparently, digitalis neither 


protects from nor adds to the effects of such 


a deficiency on the myocardium in so fat 


as the production of recognizable lesions is 
concerned 
Biochemical determinations of the potas 


sium and sodium content of the myocardium 


offered good evidence that a potassium-cd 


ficient diet lowered the concentration of 


potassium in the heart muscle. Although the 


influence of the saline wash used could not 


be entirely discounted, it is noted that a 
reciprocal increase of the sodium content of 
heart muscle was observed in all potassium 
groups. Also, 


may be concluded that digitalis did not exert 


deficient from these data it 


iny significant influence upon the potassium 


or sodium content of the heart 


Myocardial lesion 


attributed to th 


that could be definitely 


nfluence of potassium de 
ficiency were not found in any of 74 patients 


who died of idiopathic chronic ulcerative 


colitis. This result 


howe ver, doe Ss not deny 


the possibility that such I 


} sions may occu! 
in other cases 

rh electro ir 
could be 


of either 


Spe liographic changes that 


definitely ittributed to the ettects 


potassiul cl ple tion of of digit alis 


were not demonstrated in a small group of 


rats studied 


Section of Publi 


REFERENCES 


Schrader, G. A.; Prickett, C. O., and Salmon 


1) Symptomatolog ind 
Potassiun ind Magnesiun 
J. Nutrition 14:85-104 (July) 
> Thomas, R. M ylon, | 
M. ( M yocardi I ons 
tary Deficien y 1. Biol 
(March) 1940 
3. Follis, R Orent-Keiles, E., and 
McCollum, | ' 


Re nal 


Pathology of 
Deficiencies in the 
1937 

and Winternitz, 
from Die 
& Med. 12:345-360 


Resulting 


’roductiot ot 


Cardiac and 


Lesions in Ra | Diet Extremely De 


Robinson et al 


MYOCARDIUM 


ficient in Potassium, Am. J]. Path. 18:29-39 (Jan.) 
1042 
4 Kornberg and 


sium 


Eencdicott, kK M Potas 
Deficiency in the Rat i |. Physiol. 145 
291-298 (Jan.) 1946 

in , Black 


| I ‘otassium 


Schatter, B., and | asater, 
Syndrome in the 


Arch. Path, 49:185-199 (Feb.) 


Deficiency 
Rat and the me 
1950 

6. Calhour | \ und Harrison, | R 
Failure: IX 


Content of the 


Studies 


in Congestive Heart Effect of Digi 


Cardiac 
(lin Invest 10 139-152 


talis on the Potassiun 
Muscle of Dogs, | 
1931 

Wood, E. H., and Moe, G. K 
ud Water ¢ 


(April) 
Electrolyte 
Muscula 


Preparation with Special 


ontent ot the Ventricular 


ture of the Heart-Lung 
Glvcosides 


1942 


Studies on 


Reference to the Kkffects of Cardia 
Am. J. Pl ol, 136:515-522 (May) 

8 Wood, E. H., and Moe, G. K 
the Effect of the Digitalis Glucosides on Potas 
Heart-Lung 


Preparatiotr " | iol, 123 :219-220 


sium Lo ror t a of the 
(July 
1) 1938 

Anderson, E, M 
irdiac Arrhythmias with Pota 


\ M.A 99 2257-2261 ( Dec 41) 


%. Sampsotr |. | ind Treat 


ot Certain ( 


RB lle 


Disturbance in | 


trax ardiogt aphi 
’otassium 


(June) 


and 
Admin 


Glycosides, wit 


issiun 


Potassium, the 


Heart 


xl Serum 
| ctopu He ils, An 
1943 

N. ] Crocker, A. 1 


(,00dal WW ind vine » A 


Digit il! 


Interrelation 
Auricular 
Heart |. 45-589 


hip of Potassium in 
fachveardia with Blocl Am 
601 (April) 1953 

13 Salter, W \ 


olog Principle und 


Textbook of Pharma 
Pharma 


Philadelphia 


A ppl ation oft 


cology to Practice ot Medicine, 
W. B 
14. Cannon, P. R 


Protein Synthesis and Some 


Saunders Compas 1952 


Significance of Potassium in 
Aspects of Its Inter 


relationship with Sodium, Journal-Lancet 73:174 
176 (May) 1953 
15. Hatcher, R. A., and 


im = the 


Eggleston, ( Studies 


Elimination of Certain of the Digitalis 
Pharmacol 


1919 


Animal Organism, | 


12 :405-496 (March) 


235 





1M IRCHIVES O} 


PATHOLOG) 
19. Keye, J. D., Jr 


Death in Potassium Defi- 
ciency: Report of a Case 


Including Morphologic 
5 :766-770 (May) 1952 


Hastings, \ B - Currens 
and Whitecomb, | D 


Findings, Circulation 


20. Pearson, O. H 
., wie. I Electro 
cardiographic Changes in Potassium-Deficient 
in Transactions of 17th 


Metaboli Aspects ot 
Josiah Macy, |r 


Conterence on 
Convalescence, New York, 


Foundation, 1948, pp. 54-66 





News and Comment 


PERSONAL 


Award to Dr. John L. Goforth.—Dr. John L. Goforth of Dallas, Texas, has received 
the Caldwell award of the Texas Society of Pathologists for “outstanding teaching, research, 
ind service during the past year.” Dr. Goforth has also received a diamond-studded pin 
from the administrator of St. Paul’s Hospital, at Dallas, in recognition of his 30 years of 


service to that institution 


Dr. Harlan I. Firminger Assumes New Position.—r. Harlan |. Firminger assumed 
is new position as Chairman of the Department of Pathology at the University of Mary 
land School of Medicine on July 1, 1957. Dr. Firminger was formerly Professor of Patl 


ology at the University of Kansas School of Medicine 


Award for Dr. Clyde G. Culbertson.—Dr. Clyde G. Culbertson, Indianapolis, re 
cently received the first Distinguished Citizen Award of the American Legion's Flevent! 


District, in recognition of outstanding humanitarian service 


Speech by Dr. Eugene L. Opie.—At the dedication of the Bardeen Medical Labora 
tories ot the { miversity of W isconsin Medical School, Dr bk uwene | Opie, New York € ats 


was one of the speakers 


Lectures by Dr. Gerhard Domagk.—Dr. Gerhard Domagk, Professor of Pathology 
University of Munster, Germany, lectured at the New York Academy of Sciences recent) 
on “Twenty-Five Years of Sulfonamide Therapy.” While in this country he also lectured 
at the Naval Medical Research Institute in Bethesda on the present status of chemotherapy 


of tuberculosis 


Arthur Erskine Memorial Lecture.—D: Arthur T. Hertig of Boston gave the 
Arthur Erskine Memorial Lecture at the annual meeting of the lowa State Medical Societ 


His subject was “Carcinoma im Situ of the Cervix Uteri 


SOCIETY NEWS 


American Association of Pathologists.—At the annual meeting of the American 
Association of Pathologists and Bacteriologists, held in Washington, D. C, April 11, 12, 
ind 13, 1957, the following actions of interest were taken 

Election of officer President, Dr. Sidney Farber, Bostor \ lent, Dr. Alan R 
Moritz. Cleveland: Secretary, Dr. Russell L. Holman, New Orleans: urer, Brig. Ger 
Filbert DeCour San Antonio, Texas: Members of Council, Dr Murra Anyevine 
Madison, Wi nd Col. |. Earle Asli Wa hington I). ¢ 

Dr ‘ rd Gall, Cinciwnati, was named Editor-i wrica urna 

Path to eed Dr. Carl \ Weller, who died i December, 1956 

lesiwnated for the meeting of the Association on April 4 


m “Natural and Acquired Factor n Resistance to Disease” will be 


; ind 26, 


ANNOUNCEMENTS 


Laboratory Refresher Training Courses.—Jhe Department of Health, Education 
und Welfare announces a series of laboratory refresher training courses to be given fron 
lulvy. 1957. through June, 1958 Information and application blanks may be secured fror 
the Laboratory Branch, Communicable Disease Center, | S. Public Health Service. PO 


Box 185, Chamblee 





Books 


BOOK REVIEWS 


The Morphology of Human Blood Cells. By L. W. Diggs, M.A., M.D.; D. Sturm, and 
A. Bell, B.A. Price, $12.00. Pp. 181, with 31 color plates and 54 figures. W. B 
Saunders Company, 218 W. Washington Sq., Philadelphia 5, 1956 

hould be of value to medical students, technologists, und pathologists in 
facilitating uick orientation with respect to the normal and pathological morphology of 
blood cells in the peripheral blood and bone marrow. It includes the following sections 
normal blood cel ind their progenitor fixed tissue cells of the bone marrow, normal and 
abnormal muitos ibnormalities in the morphology of erythrocytes, pathologic leukocytes, 
the lupu erythematosu cell, pathologi megakaryocytes and thrombocyts $, miscellaneous 
pathologic cells, a brief chapter on techniques and methods in hematology, and a list of the 
best known hematological atlases. The nomenclature follows that recommended by the Com 
mittee for the Clarification of Nomenclature, sponsored by the American Society of Clinical 


Pathologists aml the American Medical Association. In addition the synonyms of the older 


terminology are listed lo the clearly written text thirty-one color plates of high quality, 


as well as fifty-four black and white or color drawings, are added 











YOUR 


GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 
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tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
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lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
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cover periodicr’s for six months as 
indicated on ' ¢ publication. These 
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“dunking” test 


moisture content 





suspended solids and particle size 


multi-controlled for patient safety... 


The routine laboratory lacks facilities for many 
controls of thromboplastin material —a// playing 
an important role in the accuracy of prothrom- 
bin time determination. Here are some of the 
controls regularly applied to Simplastin,® the 
pre-extracted thromboplastin-calcium: control 
of buffering action; control of moisture content; 
check for stability over a wide temperature 
range; the “dunking” test; suspended solids and 
particle size determination; and testing for re- 
producibility against dicumarolized plasma in 
12.5% dilution. This gives the clinician a reli- 
able basis for evaluating and adjusting antico- 
agulant dosage. 

Reproducible Results, You can perform a sim- 
ple test which will convince you that only 
Simplastin gives reproducible results in the ther- 
apeutic range of anticoagulant therapy. First, 
test three different vials of Simplastin with a sin- 
gle plasma of a patient on anticoagulant therapy 
having a prothrombin time above 30 seconds. 


If you don’t have a plasma that high, dilute a 
normal plasma to 12.5%. Then repeat, using 
the same plasma and three different ampuls or 
bottles of any other thromboplastin preparation. 
Reproducible results mean greater safety for the 
patient, We will be glad to send you three 20- 
determination vials without charge to help you 
make this evaluation. 

Easy to Prepare. Simplastin is ready for use with 
just the addition of distilled water. Each vial 
contains the correct amounts of sodium chloride 
and calcium chloride. 

Available in boxes of 10: 6-determination and 20- 


determination vials from leading laboratory supply 
distributors. 


Simplastin 


maximum accuracy 
minimum work 


{/though not yet using Simplastin, I've heard much 

about it from my colleagues. Without obligation 
on my part, please send me three 20-determination 
vials of Simplastin, 
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When you purchase a 
PARAGON TRAY DRAWER CABINET 
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I S. Pat. No. 2,202,047 
Tray Drawer Cabinet for 3 x 1 Micro Slides 
Capacity 4500—18% x 15% x 4% 


Ail Paragon Tray Drawer Cabinets are 


manufactured in standard sizes so that any 


number of sections may be interlocked to 
form one cabinet to accommodate any num 
ber of varied slides. The dimensions of the 
different cabinets are the same as to length 
and width, varying only in height. The 
cabinet formed by interlocking may be 18% 
x 1534; 18% x 11 or 18% x 5 or it may be 
a pyramid with the sections varying in 


width. 21—Capacity 1500 Slides—18% x 11 x 3% 


C2 
For Filing KODACHROME TRANS- 
PARENCIES and 2 x 2” SLIDES 


SPECIFICATIONS: All Paragon Tray Drawer Cabinets are made of reinforced steel 
construction, olive green finish. Interlocking device enables several units to be joined into 
one. Each sectional unit contains removable drawers with hand grip in front and rear. 


Interlocking steel base obtainable whenever required. Constructed according to rigid 
specifications—not merely adapted. 


Address your orders and inquiries to Dept. P. 


Manufactured Exclusively by 


PARAGON C. & C. CO., Inc. + 2540 Belmont Ave., New York 58, N.Y. 
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